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1. Purpose 

The purpose of this hearing is to review the activities of the National Windstorm 
Impact Reduction Program (NWIRP) and to examine the role of R&D in saving lives 
and reducing property losses from windstorms. The witnesses will also discuss ad- 
vancements in wind hazard mitigation and methods of transferring the results of 
research into practice for code developers, builders, and property owners. Lastly, the 
witnesses will provide testimony on the priorities for a reauthorization of NWIRP, 
which expires in fiscal year 2008, and any changes needed to increase the effective- 
ness of the program. 

2. Witnesses 

• Dr. Sharon Hays is the Associate Director of the White House Office of 
Science and Technology Policy (OSTP); 

• Dr. Marc Levitan is the Director of the Hurricane Center at Louisiana State 
University (LSU) and an Associate Professor in the LSU Department of Civil 
and Environmental Engineering; 

• Ms. Leslie Chapman-Henderson is the President and CEO of the Federal 
Alliance for Safe Home, Inc. (FLASH) 

• Dr. Timothy Reinhold is the Senior Vice President for Research and Chief 
Engineer at the Institute for Business & Home Safety (IBHS). 

3. Brief Overview 

• Hurricanes, tornadoes, thunderstorms, and other severe wind-related weather 
can claim lives, cause injuries, and cause billions of dollars in damages. In 
2007, according to the National Weather Service, 111 Americans died in tor- 
nadoes and thunderstorm winds, and this year, tornadoes have already killed 
119 people. The economic impact of the 2004 and 2005 hurricane season alone 
totaled over $160 billion. As more people move to vulnerable coastal areas, 
these losses are expected to increase. 

• The National Windstorm Impact Reduction Program (NWIRP) is a federal 
program which includes the National Science Foundation (NSF), the National 
Oceanic and Atmospheric Administration (NOAA), the National Institute of 
Standards and Technology (NIST), and the Federal Emergency Management 
Association (FEMA). The objective of NWIRP is to decrease the loss of life and 
property from windstorms through research and development on weather phe- 
nomena and mitigation techniques. Created in 2004, the program has re- 
ceived little attention from the Administration. Expenditures for R&D related 
to NWIRP, as reported by the Administration were approximately $7.5 mil- 
lion in total since FY 2004. 1 This amount is well below authorized levels. The 


1 This figure does not include expenditures by the National Science Foundation (NSF). Spend- 
ing levels from NSF on NWIRP related activities are unavailable. 
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participating agencies have also failed to coordinate the ongoing wind hazard 
related R&D through other mechanisms. 

• Reports from the National Research Council (1999) and RAND (2003) argue 
that a well funded, coordinated R&D framework could reduce wind losses. 
The RAND report, commissioned by OSTP, analyzed federal disaster-related 
R&D funding and found that the majority of this money supported short-term 
weather prediction. The report recommended that the balance in funding shift 
toward R&D for long-term mitigation measures. Despite this recommenda- 
tion, the federal R&D portfolio has not been rebalanced to adequately fund 
research on windstorm impacts and mitigation measures. 

• Mitigation efforts can reduce losses to wind-related disasters significantly, but 
these measures are not widely adopted in hazard prone areas. Barriers to 
adoption include high capital cost, the lack of financial incentives, and a lack 
of knowledge by property owners. 

4. Background 

High winds in hurricanes, tornadoes, thunderstorms, and other weather phe- 
nomena cause significant damage to buildings and infrastructure. Annually, such 
weather is also responsible for an average of 124 American fatalities 2 and over 1,600 
injuries. Though better building practices have resulted in fewer fatalities in recent 
decades (Table 1) total direct property losses in the U.S. from 1996 to 2006 are over 
$160 billion (in 2006 dollars). Moreover, costs associated with wind-related natural 
disasters have doubled or tripled each decade over the past 35 years. Much of the 
precipitous increase in property losses is due to the rise of population in vulnerable 
coastal areas. Between 1980 and 2003, the number of Americans living in coastal 
counties increased by 28 percent. More than 50 percent of Americans now live on 
the coast and this upward trend is projected to continue. 3 Those dwelling in manu- 
factured housing (i.e., mobile homes) are at an increased risk of death, injury, and 
property loss from high-wind storms. 



In 2004, Congress passed the National Windstorm Impact Reduction Act (P.L. 
108-360) which established NWIRP. The objective of the program, as stated in the 
enacting legislation, is “the achievement of major measurable reductions in losses 
of life and property from windstorms” through a coordinated F ederal effort. The Act 
directs NOAA, NIST, NSF, and FEMA to support activities to improve the under- 
standing of windstorms and their impacts, and to develop and encourage the imple- 
mentation of cost-effective mitigation measures to reduce these impacts. The statute 
charges an interagency working group (IWG) — chaired on a rotating basis by FEMA, 
NSF, NOAA, or NIST — to coordinate the R&D priorities, portfolio, and budget. The 
program is authorized through FY 2008 (Table 2). 


2 Average calculated from National Weather Service fatality data for 1996 through 2006, ex- 
clusive of 2005 hurricane season deaths. 

3 2003 RAND Report: Assessing Federal Research and Development for Hazard Loss Reduction, 
Charles Meade, Megan Abbott. 
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As required by legislation, OSTP submitted an NWIRP implementation plan to 
Congress in April 2006. The plan assessed programs relevant to the goals of NWIRP 
across eight federal agencies and identified important areas of research that were 
not covered by current activities. The knowledge gaps covered the three broad cat- 
egories of research authorized in the Act: understanding windstorms; assessing the 
impacts of windstorms; and mitigating the effects of windstorms. To further the un- 
derstanding of windstorms, the plan identifies the need for research on the struc- 
ture of windstorms and wind behavior, instrumentation for the study of windstorms, 
and the development of standards for deploying instruments, assessing measure- 
ments, and storing and sharing data. Research into assessing the impacts of wind- 
storm would include the response of structures to windstorms and their resilience 
over time, and social science research on the impact of windstorm damage on com- 
munities, particularly vulnerable populations. For mitigation, research is needed to 
improve building codes and standards, and to develop better decision-making tools 
for all level of government. 

The implementation plan also recommends that an IWG within the National 
Science and Technology Council’s (NSTC) Committee on Environment, Natural Re- 
sources Subcommittee on Disaster Reduction oversee the research portfolio outlined 
above, with representatives from NSF, NIST, NOAA, and FEMA, as well as NASA, 
the Federal Highways Administration (FHWA), and the Army Corps of Engineers. 
These agencies support mission-related R&D on windstorms and windstorm im- 
pacts. The IWG would be responsible for facilitating communication between the 
agencies on the best means of allocating agency resources to meet NWIRP goals and 
for coordinating this federal research portfolio. 

As of the FY 2009 budget request, the Administration has never requested fund- 
ing for NWIRP. Although the implementation plan recommended an IWG coordinate 
a research portfolio targeted to the identified research needs, there has been little 
effort to do this. Currently the IWG is not chaired by any agency, as required by 
statute, nor has OSTP convened an external advisory committee to provide guidance 
and feedback for the program. 

Program activities related specifically to wind-hazard reduction are not explicitly 
stated in agency budgets, however, the Administration reports that agencies have 
funded approximately $7.5 million (not including NSF) in related activities since FY 
2004. These efforts are summarized below: 

• NSF’s role in NWIRP is to support basic research on engineering and the at- 
mospheric sciences to improve the understanding of windstorms and their im- 
pacts on the built environment and lifelines. To that end, NSF has funded 
research in the atmospheric dynamics that form storms and hazardous winds; 
post-Hurricane Katrina grants to document and preserve data on the built en- 
vironment, perform social science research, and to fund engineering studies; 
and research to gain a better understanding of evacuations and community 
rebuilding. Estimates from NSF on the total spending related to NWIRP are 
unavailable, but the agency estimates they will spend $6.8 million on re- 
search related to NWIRP in FY 2008. 

• NOAA’s role in NWIRP is to support atmospheric sciences research to im- 
prove the understanding of windstorms and their impact on the built environ- 
ment and lifelines. Aligned with NWIRP’s goals, NOAA performs education 
and outreach related to hazards through Sea Grant institutions and other 
means; supports research and operations at the National Weather Center for 
improved prediction and monitoring of severe storms and hazardous winds; 
gathers field data on hurricane dynamics; develops probes and other moni- 
toring equipment for data collection in extreme weather; develops decision 
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support tools that map wind-speeds; provides information and planning as- 
sistance to increase community storm resiliency; and participates on the 
U.S.-Japan Panel on Wind and Seismic Effects. NOAA reports spending of 
$3.5 million on NWIRP related activities for the period of FY 2004 to 
FY 2008. The NOAA FY 2009 budget request includes $1 million for these 
activities. 

• NIST’s role in NWIRP is to support R&D to improve building codes, stand- 
ards, and practices for design and construction of the built environment and 
lifelines. Activities that NIST has engaged in related to NWIRP include the 
development of software and procedures to facilitate the use of automated 
wind impact sensors on buildings; computational tools for determining real- 
istic wind loads on the built environment; methodologies for predicting ulti- 
mate structural capacities; post-Hurricane Katrina evaluations of the built 
environment; providing technical information to improve codes and standards; 
and participating on the U.S.-Japan Panel on Wind and Seismic Effects. 
NIST reports spending of $2.45 million on NWIRP related activities 
for the period of FY 2004 to FY 2008. The NIST FY 2009 budget request 
includes $1.4 million for these activities. 

• FEMA’s role in NWIRP is to support the development of risk assessment 
tools and the effective mitigation techniques, windstorm related data collec- 
tion and analysis, and conduct public outreach and information dissemination 
to promote mitigation measures. Activities identified by FEMA that meet 
these goals include: update and development of HAZUS, a modeling tool for 
communities to estimate damage, economic loss, and social impacts of storms; 
Mitigation Assessment Teams (MAT) studies of building performance after 
major storms; construction guidance for building in vulnerable coastal areas 
and storm shelters; and cooperation with NOAA to improve evacuation plan- 
ning for hurricanes. FEMA reports spending of $1.5 million on NWIRP 
related activities for the period of FY 2004 to FY 2008. FEMA estimates 
spending on these activities for FY 2009 to between $200,000 and $250,000. 

In 2003, the RAND Corporation released a report commissioned by OSTP to as- 
sess federal spending on disaster-related R&D. The study found that the majority 
of such funding goes to fundamental research into atmospheric and meteorological 
aspects of windstorms and other weather. A significantly smaller portion went to- 
ward structural engineering R&D on buildings and other infrastructure to increase 
their resilience during and after windstorms. The RAND report recommended that 
the R&D focus shift toward long-term mitigation efforts. The report stated, “This 
is especially relevant for weather related hazards, for which R&D is primarily lim- 
ited to procurements for short-term forecasting efforts,” noting that short-term pre- 
diction efforts can have a life-safety impact but generally do not reduce property or 
economic losses. A 1999 National Research Council report 4 recommended that: “the 
Federal Government should coordinate existing federal activities and develop, in 
conjunction with State and local governments, private industry, the research com- 
munity, and other interested stakeholder groups, a national wind-hazard reduction 
program. Congress should consider designating sufficient funds to establish and 
support a national program of this nature.” Experts in mitigation argue that sup- 
port for windstorm hazard mitigation could result in similar benefits to those gen- 
erated by the National Earthquake Hazard Reduction Program (NEHRP). This pro- 
gram, created by Congress in 1978, is a coordinated interagency effort to reduce the 
impact of earthquakes on the built environment and communities. Researchers in 
both fields (wind and earthquake engineering) often point to the minor damage from 
the 2001 6.8 Seattle earthquake as evidence that thirty years of funding earthquake 
engineering R&D have had measurable results. 5 

Measures to mitigate damage from windstorms are currently available, but they 
are not universally adopted. A study published in 2008 by the Wharton Risk Man- 
agement and Decision Process Center at the Wharton School of Business quantified 
the impact of mitigation, showing that mitigation efforts could reduce hurricane-re- 
lated losses by 40 to 60 percent. Similarly, post-storm FEMA MAT reports consist- 
ently show that houses built to modern codes generally remain standing through a 
storm, compared to those not built to code. A natural tendency to ignore or down- 
play the risk of catastrophe could explain the lack of adoption of mitigation meas- 
ures however, other barriers, such as the high cost of implementation and limited 


4 1999 National Research Council Report: Review of the Need for a Large-Scale Test Facility 
for Research on the Effects of Extreme Wind on Structures. 

5 2003 RAND Report: Assessing Federal Research and Development for Hazard Loss Reduction, 
Charles Meade, Megan Abbott. 
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financial incentive (through reduction in insurance premium, tax incentives, etc.), 
and a lack of understanding of risk and available mitigation technologies also pre- 
vent more wide spread use of mitigation measures. 

5. Issues and Concerns 

• The costs associated with windstorms are rising, but little funding has gone 
toward understanding windstorms and their impacts and developing mitiga- 
tion measures. Reports from the National Academies, RAND, and OSTP’s 
NWIRP Implementation Plan strongly recommend a coordinated effort for 
R&D to reduce hazards from windstorms. The limited research that NSF, 
NIST, NOAA, and FEMA have supported is not well coordinated. For exam- 
ple, although NIST, FEMA, NSF, and several other federal agencies dis- 
patched resources to examine the effects of Hurricanes Katrina and Rita, 
there is little evidence that these activities were coordinated. 

• As stated in the 2003 RAND report, to achieve a reduction in the massive 
economic losses from windstorms, the federal R&D portfolio should support 
long-term research on hazard reduction methods. Based on the funding levels 
for NWIRP reported by the Administration, this type of research is not ade- 
quately supported at the federal level. Researchers in the wind engineering 
community point to a consistent lack of funding as a cause of the decline in 
the number of graduate students and professors in the wind engineering pro- 
fession and as a hindrance to advancing knowledge that would have useful 
applications in reducing losses from windstorms. 

• Mitigation techniques do exist to save lives and reduce damages but they are 
not universally adopted. Decreasing the cost of mitigation measures and in- 
creasing the education and outreach to property owners could increase the 
adoption of mitigation techniques. 

• The authorization for NWRIP expires this fiscal year (FY 2008). To date, the 
program has not been well implemented. Changes to the legislation and the 
program should be considered if the reauthorized NWIRP is to be an effective 
program. 
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Chairman Wu. Good morning, and welcome to this morning’s 
hearing on The National Windstorm Impact Reduction Program: 
Strengthening Windstorm Hazard Mitigation. This is a very, very 
important topic. The Nation has learned that, and I have learned 
that in my own Congressional district. 

Every single year, severe winds from hurricanes, tornadoes, and 
thunderstorms damage or destroy thousands of homes and busi- 
nesses. They damage vital infrastructure, and most importantly, 
they threaten human life. On average, 60 Americans die in torna- 
does each year, but this year is already proving to be one of the 
deadliest years on record for wind-related fatalities, with over 100 
Americans killed in tornadoes this spring alone. And we cannot for- 
get the more than 1,000 people who lost their lives in Hurricane 
Katrina and the follow-on consequences. 

Dollar amounts vary widely on the extent of property damage 
and economic losses from windstorms, but since 2004, windstorms 
have cost this country well over $160 billion. 

We in the Pacific Northwest were reminded last December that 
no part of the country is safe from severe windstorms. On Decem- 
ber 1, 2007, a Pacific storm brought hurricane force winds and 
heavy rain to Oregon and Washington, and tragically, five people 
died in that storm. Thousands were left with damaged homes and 
flattened communications systems and electrical grids. Insurance 
claims for Oregon alone, for non-flood-related damage in that wind- 
storm, were over $70 million, and local and State officials have 
sought $53 million in federal money to help repair damaged infra- 
structure. Knowing that these types of storms will strike again, we 
must do more to prevent the loss of life and property. 

Today, we will discuss the National Windstorm Impact Reduction 
Program, or NWIRP. It was created by Congress in 2004 to help 
reduce devastating losses from windstorms. NWIRP directs four 
federal agencies, FEMA, NOAA, the National Science Foundation, 
and NIST, to conduct coordinated R&D on the nature of wind- 
storms, their effects, and on ways to mitigate impact. The program 
also calls on these agencies to facilitate technology transfer, to 
make sure that beneficial research is put into practice. 

Since passage of the enacting legislation, the program has done, 
quite frankly, little to address this very substantial problem. Unfor- 
tunately, NWIRP has received little attention from the Administra- 
tion, in terms of either funding or coordination. NWIRP expires 
this fiscal year, and if we are to reauthorize it, we will need to dis- 
cuss how it can be changed to ensure that it meets its goals of im- 
proving the safety of Americans and increasing protection from 
wind hazards. Damage from storms is projected to increase as a 
greater number of Americans move to coastal areas, and especially 
those areas which are subject to violent windstorms. 

We are not completely powerless to reduce losses from wind- 
storms. Known mitigation techniques can greatly decrease the 
amount of wind damage, in some cases, by as much as 50 or 60 
percent. 

I look forward to our witnesses’ comments on improving the Na- 
tional Windstorm Impact Reduction Program, and I also hope they 
can suggest how we can improve the utilization of existing wind- 
storm mitigation technologies and practices. 
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And at this point, I would like to recognize the Subcommittee’s 
Ranking Member, Dr. Gingrey, for his opening statement. 

[The prepared statement of Chairman Wu follows:] 

Prepared Statement of Chairman David Wu 

Good morning, and welcome to today’s hearing on The National Windstorm Im- 
pact Reduction Program: Strengthening Windstorm Hazard Mitigation. This is an 
incredibly important topic. Every year, severe winds from hurricanes, tornadoes, 
and thunderstorms damage or destroy thousands of homes and businesses, harm 
vital infrastructure, and, most importantly, threaten human life. An average of 60 
Americans have died in tornadoes each year since 1996, but 2008 is already proving 
to be one of the deadliest years on record for wind-related fatalities, with over 100 
Americans killed in tornadoes this spring alone. And we cannot forget the more 
than 1,000 people who lost their lives in Hurricane Katrina. Dollar amounts vary 
widely on the extent of property damage and economic losses from windstorms, but 
since 2004, economic windstorms have cost the country well over $160 billion. 

We in the Northwest were reminded last December that no part of the country 
is safe from windstorms. On December 1st a Pacific storm brought hurricane-force 
winds and heavy rain to the Oregon and Washington coasts. Tragically, five people 
died in that storm. Thousands of people were left with damaged homes and vital 
infrastructure, including communications and electrical systems, were badly dam- 
aged. Insurance claims for Oregon for non-flood related damage were over $70 mil- 
lion and local and State officials have sought $53 million in federal money to help 
repair damaged infrastructure. Knowing that these types of storms will certainly 
strike again, we must do more to prevent the loss of life and property. 

Today we will discuss the National Windstorm Impact Reduction Program, or 
NWIRP. Created by Congress in 2004 to help reduce devastating losses from wind- 
storms, NWIRP directs four federal agencies — FEMA, NOAA, NSF, and NIST — to 
conduct coordinated R&D on the nature of windstorms and their effects and on ways 
to mitigate their impact. The program also calls on these agencies to facilitate tech- 
nology transfer to make sure that beneficial research is put into practice. Since pas- 
sage of the enacting legislation, the program has done little to address this very siz- 
able problem. Unfortunately, NWIRP has received little attention from the adminis- 
tration in terms of both funding and coordination. NWIRP expires this fiscal year, 
and if we are to reauthorize it, we will need to discuss how it can be changed to 
ensure it meets its goals of improving the safety of Americans by increasing the pro- 
tection from wind hazards. 

Damage from storms is projected to increase as a greater number of Americans 
move to coastal areas. However, we are not completely powerless to reduce the 
losses from windstorms. Known mitigation techniques can greatly decrease the 
amount of wind damage — in some cases by as much as 50 to 60 percent. 

I look forward to our witness’ comments on improving the National Windstorm 
Impact Reduction program. I also hope they can suggest how we can improve the 
utilization of existing windstorm mitigation technologies and practices. 

I now recognize the Subcommittee Ranking Member, Dr. Gingrey, for his opening 
statement. 

Mr. Gingrey. Mr. Chairman, thank you, and before I start my 
opening statement, I want to ask that Dr. Tim Reinhold’s testi- 
mony be added, his written testimony, to the record. He was de- 
layed, detained, snowed in, I don’t know what the situation is in 
Chicago, rainstorms more likely, but was not able to get here. So, 
with unanimous consent, we can add his testimony to the record. 
(See Appendix 2: Additional Material for the Record.) 

Chairman Wu. Without objection, so ordered. 

Mr. Gingrey. Thank you, Mr. Chairman, and good morning. 

I want to thank you, of course, for calling this hearing on an 
issue that unfortunately touches the lives of the American people 
on an annual basis, damage and economic loss from windstorms. 
Each year, lives are lost, and billions and billions of dollars are 
spent recovering from the destruction caused by tornadoes and hur- 
ricanes. 
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When the National Windstorm Impact Reduction Act was passed 
four years ago, the Federal Government recognized the need to 
proactively conduct research and development programs to save 
lives and reduce property damage caused by these horrific storms. 
I am looking forward to hearing from today’s panel about both the 
success of the National Windstorm Impact Reduction Program over 
the past years, as well as improvements, as the Chairman said, to 
the program that can be made as we move forward. 

Mr. Chairman, my home State of Georgia has had a long and no- 
torious history with tornadoes and windstorms, with several inci- 
dents in the past year. In fact, in March of 2007, tornadoes stuck 
the towns of Potterville, North Newton, and Americus, Georgia, 
leaving nine people dead and tremendous damage in their wakes. 
In December, in Ashburn, a truck driver was killed when a tornado 
blew his vehicle off the road. This past March, and you may have 
read about this on the sports pages, downtown Atlanta witnessed 
incredible damage to infrastructure when tornadoes ripped holes in 
the roof of the Georgia Dome during the 2008 Men’s, SEC Men’s 
Basketball Tournament. It is amazing, amazing that we didn’t 
have a tremendous loss of life, because all of those people were 
slow to evacuate, and to stop the game they were all interested in 
watching. 

At the same time, in my Northwest Georgia district, the 11th of 
Georgia, a tornado struck Polk and Floyd Counties, causing signifi- 
cant economic loss, and regrettably, taking the lives of two of my 
constituents, one in Floyd County, one in Polk County, Bonnie 
Turner, Jerry Albers, salt of the Earth people from farming com- 
munities. Their homes were destroyed, but sadly, they lost their 
lives as well. 

In addition to the lives lost, the United States sustains billions 
of dollars in economic damages each year due to tornadoes and 
hurricanes, and vulnerability is only increasing, it would seem. Ac- 
cording to the Georgia Insurance Commission, insured losses across 
our state, in just the first five months of this year, have surpassed 
$400 million. 

Mr. Chairman, improved windstorm impact reduction measures 
have the potential to save lives and reduce losses associated with 
these storms. For instance, the Federal Government continues to 
invest in R&D activities that can increase warning time for torna- 
does and any other extreme weather events. While little can be 
done, as you have said, to protect structures from large tornadoes, 
researchers have made significant progress in designing buildings 
and retrofits to withstand high wind events. Finding practical and 
effective applications for this research remains the biggest chal- 
lenge at the National Windstorm Impact Program today. 

This obstacle is unfortunately complicated by the number of 
stakeholders. The Chairman mentioned the four agencies, federal 
agencies, State and local communities, private organizations, all 
have a role in better preparing the Nation against windstorms. The 
R&D efforts in this program create ways for these stakeholders to 
collaborate in a productive and an effective manner. 

Mr. Chairman, I want to thank these three witnesses, and the 
fourth that was not able to be here, through no fault of his own, 
for coming to relate their expertise on the challenges and hopefully, 
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the successes of reducing windstorm impacts. This is a complex 
challenge with clear benefits that will require a great deal of co- 
operation, patience, and resolve to overcome. And I certainly look 
forward to supporting these efforts, and I yield back to you. 

[The statement of Mr. Gingrey follows:] 

Prepared Statement of Representative Phil Gingrey 

Good morning Mr. Chairman. I want to thank you for calling this hearing on an 
issue that unfortunately touches the lives of the American people on an annual 
basis: damage and economic loss from windstorms. Each year, lives are lost and bil- 
lions upon billions of dollars are spent recovering from the destruction caused by 
tornadoes and hurricanes. 

When the National Windstorm Impact Reduction Act was passed four years ago, 
the Federal Government recognized the need to proactively conduct research and de- 
velopment programs to save lives and reduce property damage caused by these hor- 
rific storms. I am looking forward to hearing from today’s panel about both the suc- 
cesses of the National Windstorm Impact Reduction Program over the past four 
years, as well as improvements to the program that can be made moving forward. 

Mr. Chairman, my home State of Georgia has a long and notorious history with 
tornadoes and windstorms, with several incidents in the past year and a half alone. 
In March of 2007, tornadoes struck the towns of Potterville, North Newton, and 
Americus, leaving nine people dead and tremendous damage in their wakes. In De- 
cember in Ashburn, a truck driver was killed when a tornado blew his vehicle off 
the road. 

This past March, Downtown Atlanta witnessed incredible damage to infrastruc- 
ture when tornadoes ripped holes in the roof of the famed Georgia Dome during the 
2008 SEC Men’s Basketball Tournament. At the same time in my Northwest Geor- 
gia district, tornadoes struck Polk and Floyd Counties — causing significant economic 
loss and regrettably taking the lives of three of my constituents. 

In addition to the lives lost, the United States sustains billions of dollars in eco- 
nomic damages each year due to tornadoes and hurricanes, and our vulnerability 
is only increasing. According to the Georgia Insurance Commissioner, insured losses 
across the State of Georgia in just the first five months of this year have surpassed 
$400 million. 

Mr. Chairman, improved windstorm impact reduction measures have the potential 
to save lives and reduce losses associated with these storms. For instance, the Fed- 
eral Government continues to invest in R&D activities that can increase warning 
time for tornadoes and other extreme weather events. While little can be done to 
protect structures from large tornadoes, researchers have made significant progress 
in designing buildings and retrofits to withstand high wind events. 

Finding practical and effective applications for this research remains the biggest 
challenge that the National Windstorm Impact Program has today. This obstacle is 
unfortunately complicated by the number of stakeholders — federal agencies, State 
and local communities, and private organizations — that have a role in better pre- 
paring the Nation against windstorms. The R&D efforts in this program create ways 
for these stakeholders to collaborate in a productive and effective manner. 

Mr. Chairman, I would like to thank the witnesses for coming to relate their ex- 
pertise on the challenges, and hopefully the successes, of reducing windstorm im- 
pacts. This is a complex challenge with clear benefits that will require a great deal 
of cooperation, patience, and resolve to overcome, and I look forward to supporting 
these efforts. 

Chairman Wu. I thank the gentleman. If there are Members who 
wish to submit additional opening statements, your statements will 
be added to the record at this point. 

[The prepared statement of Ms. Richardson follows:] 

Prepared Statement of Representative Laura Richardson 

Thank you Chairman Wu for holding this very important hearing today, and our 
witnesses for their appearance. The purpose of today’s hearing is to examine the ac- 
tivities of the National Windstorm Impact Reduction Program, and the role that 
R&D plays in reducing property loss and saving lives from windstorms. 

Depending on the time of year, every region of the Nation has to confront a nat- 
ural disaster. In California we have earthquakes and wildfires, so windstorm dam- 
age is an issue that those of us on the west coast are fortunate enough to avoid. 
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However, natural disasters of any kind can cause significant loss in life and prop- 
erty, thereby necessitating the need to prepare adequately. 

In California we implemented strict building standards after the Northridge 
earthquake to combat the potential damage that natural disasters create, and this 
approach can serve as a model to states in the heartland and the South that have 
to deal with tornadoes and hurricanes respectively. 

Now it should be noted that the National Windstorm Impact Reduction Program 
has not been funded at the authorized levels for several years now. This must 
change considering the fact that in 2007, 111 Americans died in tornadoes and 
thunderstorm winds, and tornadoes have already killed 119 people this year. 

Likewise as more people move to coastal areas the threat of hurricanes obviously 
increases. Therefore as a matter of fiscal responsibility we owe it to the American 
people to increase R&D efforts that will mitigate the impact of windstorm damage. 
In 2004 and 2005 the economic impact of hurricane season totaled more than $160 
billion dollars. 

My personal work philosophy has always been to put the majority of my effort 
in on the front end in order to avoid subsequent damages on the back-end. This ap- 
proach ought to be applied to matters pertaining to windstorm damage as well. 

I look forward to a productive discussion, Mr. Chairman I yield back my time. 

Chairman Wu, I would now like to introduce our witnesses, and 
thank them for appearing before the Subcommittee this morning. 
Dr. Sharon Hayes, who is the Associate Director of the Office of 
Science and Technology Policy; Dr. Marc Levitan, who is the Direc- 
tor of the Louisiana State University Hurricane Center, where he 
is also a Professor of Civil and Environmental Engineering; Ms. 
Leslie Chapman-Henderson, who is the President of the Federal Al- 
liance for Safe Homes, or FLASH, a not for profit organization de- 
voted to mitigating the impact of storms on homes. 

Dr. Timothy Reinhold, we understand, is delayed by the vagaries 
of either weather or the airlines, which are, well, no further com- 
ment on either one. And his statement, as earlier referred to, will 
be included in our record. 

For our witnesses, spoken testimony is limited to five minutes 
each, after which the Members of the Committee will have five 
minutes to ask questions. Your written statements will be taken 
into the record in their entirety. 

And Dr. Hays, we will begin with you. Please proceed. 

STATEMENT OF DR. SHARON L. HAYS, ASSOCIATE DIRECTOR 

AND DEPUTY DIRECTOR FOR SCIENCE, WHITE HOUSE OF- 
FICE OF SCIENCE AND TECHNOLOGY POLICY 

Dr. Hays. Thank you, Mr. Chairman. 

Chairman Wu, Ranking Member Gingrey, and Members of the 
Subcommittee, it is my pleasure to appear before you in this hear- 
ing on the National Windstorm Impact Reduction Program. 

Every year in the U.S., windstorms are responsible for tremen- 
dous damage to property, and often, loss of life. Hurricane Katrina 
demonstrated how a severe hurricane can affect not just those in 
its path, but the entire country and its economy. Tornadoes and se- 
vere storms are also capable of tremendous destruction. As the 
Chairman mentioned, in 2008, the United States has been ravaged 
by a near record number of tornadoes that has pushed the death 
toll to a 10 year high. Thus, the topic of this hearing is both impor- 
tant and timely. 

You asked me to address four questions. My written testimony 
provides more detail regarding several of your questions, including 
a summary of the activities of the National Windstorm Impact Re- 
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duction Program, which was the subject of your first question, so 
I will not repeat that summary here. 

You also asked how the agencies involved in the Windstorm Im- 
pact Reduction Program receive input from the external commu- 
nity. This happens in a number of ways. The primary mechanism 
is through the National Research Council’s Disasters Roundtable, 
which holds workshops on particular disaster-related topics that 
bring together experts from agencies, industry, academia, and non- 
governmental organizations. Several agency personnel sit on the 
Roundtable Steering Committee. Many others participate in the 
Roundtables themselves. A list of recent Roundtable topics can be 
found in Attachment 3 to my written testimony. 

Another extremely important mechanism for getting non-govern- 
ment input on disaster related R&D occurs through agency-specific 
mechanisms. Here are several examples. One, NSF incorporates 
private sector researchers, particularly those in academia, on its 
peer review panels charged with helping make award selection de- 
cisions. 

Two, through active participation and leadership in many stand- 
ards development organizations, staff from NIST’s Building and 
Fire Research Laboratory, which is the locus of NIST’s windstorm- 
related research, contribute significant time and technical expertise 
to the process of developing national and international standards, 
and this brings them into direct contact with their peers in the pri- 
vate sector, and also helps translate the results of NIST research 
into practical applications. 

Three, because some important disaster-related research can be 
done only in the aftermath of an event, FEMA assembles mitiga- 
tion assessment teams, made up of government and private sector 
experts, to perform post-disaster assessments. These teams work 
closely together to understand the impacts of a disaster event on 
buildings — the results are of tremendous importance in defining 
new areas of research, as well as future building codes and stand- 
ards. These examples reflect the different missions and operations 
of the agencies that perform disaster R&D. They provide multiple 
and complementary avenues for public/private communication. 

You also asked for an update on efforts being taken to address 
current gaps in R&D identified in the Administration’s Windstorm 
Impact Reduction Implementation Plan. Descriptions of specific 
agency activities and programs are included in my written testi- 
mony. And the Windstorm Working Group will also be providing 
Congress with an updated biannual report by later this year or 
early next year. That report will have more information on the 
working group’s most recent activities. 

Finally, you asked about a 2003 RAND report on Windstorms. 
The RAND Report represents a very thoughtful assessment of the 
role of R&D in helping make our nation more resilient to disasters. 
In fact, it was one of the guiding references used by the Sub- 
committee on Disaster Reduction, which is the interagency group 
that is charged with coordinating the Administration’s disaster-re- 
lated R&D. When developing their report on grand challenges for 
disaster — many of the issues raised in the RAND report are specifi- 
cally identified in the grand challenges, which is an emphasis on 
mitigation strategies and technologies. 
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One of the RAND Report’s implicit conclusions is the importance 
of considering disaster reduction R&D in an all hazards context, 
thus taking into account windstorm R&D alongside other disasters, 
such as floods, earthquakes, and wildfires. That all hazards context 
is a fundamental tenet of the Federal Government’s current ap- 
proach to coordination of disaster. 

In closing, I would like to point out that in many instances, re- 
ducing the impacts of disasters ultimately requires actions beyond 
the purview of the Federal Government. The adoption of zoning 
laws, building codes, and other actions that can build resilience 
within communities are rightly vested in State and local authori- 
ties. Given this, I believe the most important roles of the Federal 
Government are in R&D that underpin technological innovations, 
such as improved prediction capabilities and better strengthen 
buildings and infrastructure, and in communicating the benefits of 
their adoption. 

The Subcommittee on Disaster Reduction is an important mecha- 
nism for the Federal Government to perform these essential ele- 
ments of developing a more disaster-resilient America. 

Mr. Chairman, I am happy to answer any questions that you or 
other Members of the Subcommittee have at the appropriate time, 
and as I mentioned earlier, my written testimony contains much 
more detail, so I ask that it and its attachments be made part of 
the record. 

[The prepared statement of Dr. Hays follows:] 

Prepared Statement of Sharon L. Hays 


I. Introduction 

Chairman Wu, Ranking Member Gingrey, and Members of the Subcommittee, I 
am pleased to appear before you today to describe interagency activities related to 
the National Windstorm Impact Reduction Program (NWIRP). Wind hazards (hurri- 
canes, tornadoes, severe windstorms) are among the most destructive and economi- 
cally damaging hazards in the U.S. While other hazards strike irregularly, wind 
storms produce enormous damage in the U.S. year after year. 

Reducing the likelihood and impact of natural and technological 1 disasters re- 
quires an understanding of science and technology, the transformation of research 
into disaster reduction programs and applications, and access to information from 
both public and private entities. In order to meet these challenges, the interagency 
Subcommittee on Disaster Reduction (SDR) of the National Science and Technology 
Council (NSTC) was chartered in 1988. The SDR provides a unique federal forum 
for information sharing, development of collaborative opportunities, formulation of 
science- and technology-based guidance for policy-makers, and dialogue with the 
U.S. policy community to advance informed strategies for managing disaster risks. 

In many instances, reducing the impacts of disasters ultimately requires actions 
beyond the purview of the Federal Government. The adoption of zoning laws, build- 
ing codes, and other actions that can build resilience within communities are rightly 
vested in State and local authorities. In these instances, the most important roles 
of the Federal Government are in research and development (R&D) that underpin 
technological innovations and in communicating the benefit of such actions. The 
SDR, and its working groups, are important mechanisms for the Federal Govern- 
ment to perform these essential elements of developing a more disaster-resilient 
America. 

The overarching philosophy of the SDR is to examine R&D needs for specific types 
of disasters within an all-hazards view. Accordingly, basic research on the resilience 
of structures to wind are coordinated with similar studies related to flooding and 
storm surge because all three phenomena commonly occur together in hurricanes or 
severe storms. Likewise, the end-to-end aspects of hazards and disasters are consid- 


1 The term “technological disasters” refers to accidental releases of hazardous substances, such 
as an oil or toxic chemical spill. 
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ered as a whole; basic research on natural processes that cause disasters is linked 
to risk assessment, preparedness, and the economic and social impact of disasters. 
The primary goal of hazard research is to reduce loss of life and property and there- 
fore hazards must be viewed holistically. 

Specifically, the SDR facilitates U.S. Government and private/academic activities 
to reduce vulnerability to natural and technological hazards through: 

• Coordinating national research goals and activities for federal research re- 
lated to natural and technological hazards and disasters; 

• Identifying and coordinating opportunities for the U.S. Government to coordi- 
nate and collaborate with State, local, and foreign governments, international 
organizations and private/academic/industry groups; 

• Facilitating the identification and assessment of risks; 

• Providing information to the President and Congress to summarize relevant 
resources and work within SDR agencies; 

• Providing information to the Administration and Congress in response to cur- 
rent disaster situations; 

• Working with public and private sector policy development bodies; 

• Promoting disaster reduction practices; 

• Facilitating the exploitation of dual-use systems and fusion of classified and 
unclassified data streams and research for disaster reduction applications. 

The membership and reach of the SDR across the Federal Government is expan- 
sive and includes 25 government organizations: 

• Department of Defense 

° Networks and Information Integration (Nil) 
o United States Army Corps of Engineers 

• Department of Energy 

• Department of Health and Human Services 

o Centers for Disease Control and Prevention 
° National Institutes of Health 

o United States Public Health Services Commissioned Corps 

• Department of Homeland Security 

o Federal Emergency Management Agency 
o United States Coast Guard 

• Department of Housing and Urban Development 

• Department of State 

o United States Agency for International Development 

• Department of the Interior 

o United States Geological Survey 
o The Bureau of Land Management 

• Department of Transportation 

• Environmental Protection Agency 

• Federal Energy Regulatory Commission 

• National Aeronautics and Space Administration 

• National Geospatial-Intelligence Agency 

• National Guard Bureau 

• Department of Commerce 

° National Institute of Standards and Technology 
° National Oceanic and Atmospheric Administration 

• National Reconnaissance Office 

• National Science Foundation 

• United States Department of Agriculture 

o United States Forest Service 
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With such a long list of participating agencies, and an active membership base, 
the SDR has been a model for interagency coordination. Thus, the SDR was a logical 
choice to act as the NSTC oversight body for interagency activities on Windstorm 
Impact Reduction. 

II. Actions to date 

In October 2004, Congress passed the National Windstorm Impact Reduction Act, 
which originated in the House Science Committee. The bill called for the establish- 
ment of the National Windstorm Impact Reduction Program (NWIRP), with the ob- 
jective of achieving “major measurable reductions in losses of life and property from 
windstorms.” The legislation tasked OSTP with creating a NSTC Interagency Work- 
ing Group (IWG) on Windstorm Impact Reduction. In January 2005 the NWIRP 
IWG was convened by the NSTC SDR. The legislation mandated participation by 
NOAA, NSF, NIST, and FEMA. While those agencies have taken the most active 
role in the IWG, other federal entities, such as the Federal Highway Administration, 
Department of Housing and Urban Development, National Aeronautics and Space 
Administration and U.S. Army Corps of Engineers, have also participated in the 
program. 

The legislation required that an implementation plan for achieving the objectives 
of the Program be submitted to Congress. The Windstorm Impact Reduction Imple- 
mentation Plan was submitted to Congress on April 5, 2006 (Attachment 1). The 
plan outlines how NSTC, in accordance with its responsibility to coordinate science 
and technology across federal agencies, can establish a framework to address multi- 
agency science and technology issues related to windstorm mitigation. Specifically, 
the plan focuses on identifying research needs that will be an important component 
of long-term efforts to reduce the impacts of wind hazards. The plan continues to 
serve as a guide for the IWG as it works to improve coordination of existing wind- 
related research, and seeks to fill research gaps in understanding, predicting, and 
forecasting windstorm hazards. 

During the formulation of the plan, the IWG reached well beyond the partici- 
pating federal agencies to State, county, and city governments, universities, and 
non-government organizations such as the American Association of Wind Engineers 
(AAWE), the American Society of Civil Engineers (ASCE), and the Institute for 
Building and Home Safety (IBHS) for input. The IWG met several times during the 
creation of the implementation plan and several drafts were circulated throughout 
the participating agencies. The end product is a useful and comprehensive docu- 
ment. 

The legislation also required the development of biennial updates to the imple- 
mentation plan. The first of these updates was transmitted to Congress on Novem- 
ber 20, 2007 (Attachment 2). The biennial update covers Fiscal Years 2005 and 2006 
and provides a summary of wind hazard research activities, and progress toward 
agency goals in each of the NWIRP agencies aimed at understanding, predicting and 
forecasting wind hazards, assessing and reducing impacts of wind hazards, and pro- 
moting preparedness and enhancing community resilience. It also identifies areas 
of research, compiled by the IWG, that address important national wind hazard 
problems in the future. The biennial update serves as an excellent resource for un- 
derstanding each NWIRP agency’s contribution to the program. As stated in a June 
23, 2008 letter from Dr. John Marburger III to Chairman Gordon, the next biennial 
report will be submitted to Congress in fall 2008 or spring 2009 (Attachment 3). 

III. Grand Challenges for Disaster Reduction 

As noted above, the IWG on Windstorm Impact Reduction operates under the aus- 
pices of the SDR. Given its close link to the SDR, the NWIRP follows the same phil- 
osophical underpinnings established in the SDR’s February 2008 report Grand 
Challenges for Disaster Reduction (Attachment 4). These challenges are as follows: 

Grand Challenge #1 — Provide hazard and disaster information where and when 
it is needed 

Grand Challenge #2 — Understand the natural processes that produce hazards 
Grand Challenge #3 — Develop hazard mitigation strategies and technologies 
Grand Challenge #4 — Recognize and reduce vulnerability of interdependent crit- 
ical infrastructure 

Grand Challenge #5 — Assess disaster resilience using standard methods 
Grand Challenge #6 — Promote risk-wise behavior 

The Grand Challenges for Disaster Reduction report was released on February 1, 
2008 and is a ten-year strategy that is focused on the application of science and 
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technology to enhance community resilience to disasters and create a more disaster- 
resilient nation. 

To implement this ten-year strategy, the 25 federal departments and agencies of 
the SDR worked together to identify specific actions that they, in collaboration with 
State and local governments, as well as individuals and institutions in the private 
sector, must take in order to meet the Grand Challenges. The resulting framework 
of prioritized federal science and technology actions, which is compiled in 14 hazard- 
specific implementation plans, can help increase the Nation’s disaster resilience by 
guiding future investments. 

Of the 14 hazard-specific implementation plans, three are directly linked to the 
IWG on Windstorm Impact Reduction; Tornadoes (Attachment 5), Hurricanes (At- 
tachment 6) and Winter Storms (Attachment 7). The IWG helped guide the creation 
of these plans. 

IV. Overview of agency work in the area of wind hazards 

The Windstorm Impact Reduction Implementation Plan described four major 
themes for wind hazard research: 

• Understanding, Predicting, and Forecasting 

• Assessing Impacts 

• Reducing Impacts 

• Preparedness and Enhancing Community Resilience 

Agency activities in these four areas are performed in the context of each agency’s 
mission and consistent with their research practices. These activities are focused in 
several areas: continued improvement in windstorm prediction; local, State, regional 
and federal coordinated research response capabilities following wind hazard events, 
including field validation and data collection capabilities for buildings, critical infra- 
structure and essential facilities; windstorm damage and loss estimation modeling 
tools; and standards and technologies that will enable cost-effective, state-of-the-art 
windstorm-resistant provisions to be adopted as part of State and local building 
codes. The following discussion outlines ongoing efforts to address the need for im- 
provement in these areas, organized by agency. 

National Science Foundation 

The National Science Foundation (NSF) supports unsolicited research proposals 
related to NWIRP topics ranging from atmospheric sciences research that is con- 
cerned with the physics of hurricane, tornado, and thunderstorm formation, to engi- 
neering programs focused on improving the performance of structures against wind 
loads, to social science programs devoted to societal preparedness and response to 
natural disasters. Although these proposals are selected through the peer review 
process under programs intended to advance research in myriad areas and not just 
hurricanes and winds, the NSF portfolio of projects have collectively made impor- 
tant progress in each of four focus areas defined above. 

For example, significant progress in documenting and analyzing the damage 
caused to civil infrastructure by wind and hurricane driven storm surge was made 
by NSF-supported investigators as a result of awards made immediately after Hur- 
ricanes Katrina and Rita. Social science topics under continued investigation include 
evaluating preferences for rebuilding plans post-Katrina, assessing public health im- 
pacts of disasters, decision-making in displaced populations, and examining factors 
associated with compliance to Katrina mandatory hurricane evacuation orders in 
seven coastal Louisiana parishes. 

NSF funds research that often directly leads to changes in building code revisions 
through development of new materials and/or design methodologies. New awards di- 
rectly related to design of wind-resistant structures include five that have been 
made through the Hazard Mitigation and Structural Engineering Program in the 
Engineering Directorate during the past 12 months. One of these, “Hurricane Wind 
Simulation and Testing to Develop Damage Mitigation Techniques,” 2 will develop 
a cost-effective, light, strong, ductile, and non-intrusive roof-to-wall connection sys- 
tem using high performance fiber composite materials to improve hurricane resil- 
iency of residential buildings. A second one, “Performance Based Wind Engineering: 
Interaction of Hurricanes with Residential Structures,” 3 is expected to improve de- 
sign methods for wood frame buildings through the use of the performance-based 


2 http .7 / www.nsf.gov / award-search / showAward.do?AwardNumber=0727871 

3 http:! / www.nsf.gov / awardsearch / showAward.do?AwardNumber=0800023 
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design approach. Research results will be disseminated through the ASCE/SEI com- 
mittees in which the Principal Investigator is involved. 

Understanding, Predicting and Forecasting 

Over the past two years, research in atmospheric sciences has yielded a better un- 
derstanding of atmospheric dynamics of straight-line winds and improved knowl- 
edge of the fundamental physics that control hurricane intensity, wave dynamics 
during hurricanes, and the impact of externally and internally modulated convection 
on tropical cyclone evolution. 4 Understanding the hazard risk associated with ex- 
treme hurricane events is also being studied. Detecting synoptic-scale precursors of 
tornado outbreaks 5 is the objective of one investigation. Another project is studying 
tornadic storms with Doppler Polarimetric Radar. 6 

Assessing the impacts of wind hazards 

Shortly after Hurricane Katrina struck the Gulf States, 29 small grants were 
awarded for reconnaissance studies aimed at documenting their effects and pre- 
serving highly perishable data. Two of these studies, on the performance of the levee 
system, were expanded in scope to include engineering analyses of failed sections 
of the levees and proposed repair and replacement strategies. Development of in- 
strumentation for the observational studies of the effects of atmospheric winds on 
structures near the ground was also undertaken. Another of these projects inves- 
tigated large coastal bridge performance in a hurricane environment. Collection of 
perishable data on wood-frame residential structures in the wake of Hurricane 
Katrina was also undertaken. Studies were conducted to better understand the re- 
sponse of typical bridges to hurricanes and to assessing risk for long-span bridges. 
The determination of storm surge effects on levees and the simulation of non-linear 
water waves during hurricanes were the subjects of other investigations. In order 
to better understand the impacts of hurricane disasters, construction material re- 
quirements for rebuilding New Orleans are being investigated and documented. Im- 
proving glass performance during wind storms and the modeling response of tall 
buildings to straight line winds are important for understanding the impacts to 
wind hazards. 

Social science topics under investigation include evaluating preferences for re- 
building plans post-Katrina, assessing public health impacts of disasters, and deci- 
sion-making in displaced populations. In particular, one project is examining factors 
associated with compliance to Katrina mandatory hurricane evacuation orders in 
seven coastal Louisiana parishes. 

Reducing Impacts of Wind Hazards 

Resistance of existing wood roof structures and retrofit schemes is currently being 
studied to better understand how best to construct more resistant structures in the 
future. This type of damage accounts for a significant portion of the damage caused 
by hurricanes and straight line winds each year. In addition, a better understanding 
of the impact of hazard events on soils, infrastructure, and the submerged environ- 
ment is required. A project entitled “The Effect of Katrina on Submerged 
Geotechnical Systems — Underwater Evaluation of Sediment-Structure-Storm Inter- 
action” will provide important data on these important parts of the urban infra- 
structure. Another project that is vital to the energy supply is focusing on assess- 
ment of damage to underground tanks in New Orleans in the aftermath of Hurri- 
cane Katrina. Electric Utility Damage from Hurricane Katrina is also under inves- 
tigation. 

Preparedness and Enhancing Community Resilience 

Instructional materials for K-12 students are being developed to enhance pre- 
paredness among children. Also, information technologies are being developed to as- 
sist individuals in adapting to evacuation. Social networks are being studied to un- 
derstand the role they might play in early warning strategies and subsequent com- 
pliance. Improving hurricane intensity forecasting is important to increase societal 
compliance and evacuation plans and orders, but the public must also be educated 
to understand risk and appropriate behavior to ensure their safety. Two studies are 
underway to better understand and improve evacuation procedures. Two projects 
have been funded for analyzing multi-organizational networks and their roles in 
hazard mitigation. Ten projects are underway that are investigating various tools 


4 http:/ / www.nsf.gov / awardsearch / showAward.do?AwardNumber=0514199 

5 http :/ / www.nsf.gov / awardsearch / showAward.do?AwardNumber=0527934 

6 http :/ / www.nsf.gov j awardsearch / showAward.do?AwardNumber=0532107 
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that might be useful for building community resilience to wind hazards. One of 
these projects is examining how preferences for rebuilding plans are being made 
after Hurricane Katrina. 7 Another one is studying “The Parallel Strengths and 
Weaknesses of the Civil Society and the State: The Example of Katrina Survivors.” 8 
“Cyberinfrastructure Preparedness for Emergency Response and Relief: Learning 
the lessons from Hurricane Katrina” is the focus of another investigation. 9 

The majority of NSF support for wind hazard R&D activities is in response to un- 
solicited proposals, although some support is provided through the National Center 
for Atmospheric Research (NCAR) and the Engineering Research Center for Collabo- 
rative Adaptive Sensing of the Atmosphere (CASA). NSF is also sponsoring a joint 
solicitation with NOAA on Communicating Hurricane Information. NSF estimates 
that $6.7 million will be spent on wind hazard R&D in FY 2008. 

National Oceanic and Atmospheric Administration 

NOAA activities and progress during the past two years can be divided into six 
categories: 1) development of plans; 2) provision of data of use for wind hazard re- 
duction; 3) development of decision support tools and analyses of relevance to wind 
hazards; 4) understanding and predicting weather conditions producing wind dam- 
age; 5) creation of new facilities for improving our knowledge and prediction of wind 
hazards; and 6) education and outreach. 

Development of plans 

NIST and NOAA jointly developed a cooperative plan on Hazard-Resilient Com- 
munities, and are moving forward with the storm surge component of that plan. 
NOAA is represented on the U.S.-Japan Panel on Wind and Seismic Effects. This 
panel encourages exchange of information between the two countries and is com- 
pleting a joint project on bridge stay flutter. It is also proposing a workshop to ex- 
change information between wind structural engineers and meteorologists who work 
on wind issues to determine the needs of and opportunities presented by the two 
communities working closely together. The workshop is anticipated to occur within 
the next year. 

Providing data of use for wind hazard reduction 

During FY 2004, several extreme turbulence (ET) probes were developed and suc- 
cessfully tested in actual hurricanes. These probes hold promise for very high spa- 
tial and temporal resolution measurements of winds on the immediate exterior of 
structures. In cooperation with NOAA, the Florida and South Carolina Sea Grant 
deployed portable towers measuring winds during Hurricanes Charley, Frances, 
Ivan, Katrina, and Rita. These data are useful for “nowcasts” of the winds and to 
duplicate wind tunnel measurements. The Shared Mobile Atmospheric Research and 
Teaching Radars (SMART-R), the result of a cooperative effort between the Univer- 
sity of Oklahoma and NOAA, have been used in hurricane landfall deployments, 
and have been upgraded to deliver their data directly to forecast offices in real time. 
The stepped frequency microwave radiometer is now deployed on both research and 
operation aircraft for much improved surface wind and vertical wind profiles over 
water within hurricanes and they are now used in NOAA’s operational hurricane 
model and for real-time hurricane intensity analysis. 

Decision support tools and analysis for wind hazards 

NOAA has been working with the State of Florida on a Public Hurricane Loss 
Projection Model to develop wind-dependent vulnerability functions for building ret- 
rofit guidance. The NOAA hurricane wind (H*WIND) analysis was used to validate 
this model. A stochastic model is being used to simulate 55,000 years of hurricane 
tracks for a wind demonstration project, conducted with NIST, to test wind and 
storm surge risk maps in a few selected coastal areas. The U.S. Army Corps of Engi- 
neers and NOAA completed a post-Hurricane Katrina, Charley, Frances, Ivan, and 
Jeanne 1-km resolution wind field analysis using the H*WIND product and data 
that were not available in real time. NOAA’s National Hurricane Center introduced 
its new experimental wind-speed probability forecast in time for the 2006 hurricane 
season to map out several predicted wind-speed thresholds. 


7 http:/ / www.nsf.gov / awardsearch / showAward.do?AwardNumber=0554987 

8 http : / / www.nsf.gov / awardsearch / showAward.do?AwardNumber=0555113 

9 http:! / www.nsf.gov / awardsearch / showAward.do?AwardNumber=0638561 
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Understanding and predicting weather conditions producing wind damage 
NOAA continues to gather field data on hurricane inner core dynamics to better 
understand intensity changes. During the past two hurricane seasons, NOAA, with 
the Office of Naval Research, has been measuring the heat and momentum ex- 
change between the atmosphere and ocean within hurricanes to better parameterize 
this exchange in hurricane prediction models. Preliminary testing of these new 
parameterizations in NOAA’s operational hurricane model has improved hurricane 
intensity predictions. NOAA tested a new hurricane model during the 2006 hurri- 
cane season for operational application next season. It is coupled with an ocean 
model and has a nested and movable grid. 

The President’s 2009 Budget includes nearly $20 million for hurricane-related in- 
creases across NOAA, including modeling improvements on forecasts and storm 
surge and research into ocean vector winds and coastal inundation. The 2009 Budg- 
et also includes an increase of $242 million for the GOES-R satellite system, which 
is a critical component of NOAA’s hurricane monitoring. 

Creating new facilities for improving our knowledge and prediction of wind hazards 
The new National Weather Center in Norman, Oklahoma opened its doors during 
the summer of 2006. It consists of the South Research Campus of the University 
of Oklahoma, the NOAA Norman forecast office, the Storm Prediction Center, and 
the National Severe Storms Laboratory. This facility also features the Hazardous 
Weather Testbed, which performs research and development to improve prediction 
of hazardous winds. 

Education and outreach 

• NOAA’s Louisiana Sea Grant program has developed fact sheets that include 
information on building codes, where and how to rebuild, and how to deter- 
mine if a contractor is following State and federal regulations. It has been dis- 
tributed to parishes and is available on the Internet. The program has also 
sponsored seminars on storm preparedness and has provided information on 
building codes and zoning practices. 

• NOAA’s Texas Sea Grant Program (Texas A&M) has been evaluating the 
Texas Mitigation Plan, which includes construction codes. 

• The North Carolina Sea Grant (North Carolina State in collaboration with 
Oregon State) developed a break-away wall design for 125-mph winds and 
1.5-ft waves, which has been adopted by the American Society of Civil Engi- 
neers. 

• The South Carolina Sea Grant (Clemson) has developed low-cost methods for 
reducing storm damage, including strengthening roofs and shutters which 
have been adopted by a Sun City developer. 

• There is now a “hazards house” in Charleston, SC, that helps educate the 
public on hazard-resilient building and retrofitting techniques, including 
those that mitigate wind effects. 

• NOAA has prepared material for a documentary on how to stay safe in high 
winds, including how to improve housing construction to resist damage and 
the appropriate design for safe rooms. The documentary will be featured on 
the Discovery Channel. 

• NOAA held its first Weather Partners open house in Norman, OK, for ap- 
proximately 1000 visitors. Wind risk to structures was a prominent theme for 
discussion. 

• NOAA organized a training session at the National Hurricane Conference on 
hurricanes and public health. During the session, a representative from the 
Institute of Building and Home Safety delivered a presentation on the resil- 
ience of public health facilities against structural hazards. Key structural 
components included window strength, exterior cladding, roof edging, and vul- 
nerability of roof type and roof mountings. The participants then critically 
evaluated a simulated hurricane scenario. 

National Institute for Standards and Technology 

NIST research over the past two years has focused on gaining an understanding 
of wind hazards to the built environment and developing predictive technologies and 
mitigation strategies to enhance disaster resilience to wind hazards. 
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Extreme Wind Databases 

To facilitate use of Automated Surface Observing Station (ASOS) wind data for 
structural engineering purposes, NIST developed procedures and software for (a) ex- 
traction of peak gust wind data from archived ASOS weather reports, (b) extraction 
of thunderstorm observations from archived weather reports, (c) classification of 
wind data as thunderstorm or non-thunderstorm to enable separate statistical anal- 
yses of these distinct types of winds, and (d) construction of data sets separated by 
specified minimum time intervals to ensure statistical independence. Estimates 
showed that, at these stations, thunderstorm wind speeds dominate the extreme 
wind climate to the extent that non-thunderstorm wind speeds can be disregarded 
in the analysis. Using such records it is possible to obtain realistic probabilistic de- 
scriptions of the wind climate at stations where both types of wind occur. The soft- 
ware, data, and literature are available at www.nist.gov / wind. 

Advanced Computational Tools for Determining Realistic Wind Loads in the Built 
Environment 

NIST has developed software for analyzing wind effects on rigid, gable-roofed 
buildings, and flexible high-rise buildings using the database-assisted design meth- 
odology. Database-Assisted Design (DAD) is a unified framework for analysis and 
design of buildings for wind loads that makes direct use of pressure-time histories 
measured at a large number of pressure taps on wind tunnel models. Local climato- 
logical information can be used in conjunction with the measured pressures to ob- 
tain estimates of peak wind effects with specified return periods for use in struc- 
tural design. DAD offers more accurate estimation of peak wind effects than sim- 
plified procedures that are now used, which paves the way for more risk-consistent 
designs. The software, data, and literature are available at www.nist.gov / wind. 

Methodologies for Predicting Ultimate Structural Capacities and Estimating Safety 
Margins 

The design of many low-rise metal buildings in the U.S. is based on the ASCE 
7-93 Standard and the use of Allowable Stress Design (ASD). NIST used the non- 
linear database-assisted design technique to assess the degree of safety of a typical 
low-rise portal frame industrial structure designed in accordance with ASCE 7-93 
and ASD as compared to the provisions of the ASCE 7-02 Standard. NIST has 
found that the frame being considered satisfies all ASCE 7-02 requirements with 
respect to wind loading but that its safety level is relatively low and could be im- 
proved substantially at very low cost. 

Assessing the Performance of Structures in Wind Disasters 

NOAA’s National Weather Service implemented the enhanced Fujita Tornado In- 
tensity Scale on an operational basis in February 2007. The enhanced Fujita scale 
is based upon observations by a NIST researcher as part of a reconnaissance team 
deployed following the 1997 Jarrell, TX tornado and subsequent technical work per- 
formed by Texas Tech University with funding and technical oversight by NIST. The 
more realistic wind speeds associated with the enhanced scale will allow the use of 
routine standard provisions for the safe design of buildings under most tornadoes 
occurring in the U.S. 

After Hurricane Katrina and Hurricane Rita, NIST assembled a team of experts 
to conduct a reconnaissance of the status of buildings, physical infrastructure, and 
residential structures in the New Orleans area, coastal Mississippi, and Southeast 
Texas. NIST documented its findings on the environmental conditions (e.g., wind 
speeds, storm surge elevations, and flooding) and on the performance of structures 
in the study areas in its final report issued in June 2006. The report includes 23 
recommendations in three groups: 1) immediate impact on practice for rebuilding, 
2) standards, codes, and practices, and 3) further study of specific structures or re- 
search and development. 

Technical Basis for Improved Codes and Standards 

Estimates of the World Trade Center (WTC) towers’ response to wind by two 
North American wind engineering laboratories differed from each other by almost 
50 percent. A NIST investigation indicated that those differences reflected discrep- 
ancies between the respective estimates of the wind speeds and the respective mod- 
eling of directional interaction between wind speeds and aerodynamic/dynamic re- 
sponse of the building. NIST analyzed the role of risk-consistent probabilistic defini- 
tions of peak wind effects in developing safety margins for inclusion in codes and 
standards. 
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U.S.-Japan Panel on Wind and Seismic Effects 

NIST chairs the U.S.-Japan Joint Panel on Wind and Seismic Effects and NIST 
staff actively participates in the Panel and its wind engineering task committee. The 
Panel provides an effective mechanism for the exchange of technical data and infor- 
mation, the exchange of researchers, and the coordination of joint research on topics 
of mutual interest to the U.S. and Japan. 

Wind-related Storm Surge 

Hurricane Katrina demonstrated that (1) hurricane storm surge can substantially 
exceed heights defined by existing flood hazard maps, and (2) there is a lack of a 
methodology for assessing the risk associated with different joint hurricane wind 
speed/surge height events that can be used for establishing risk-consistent design 
criteria for structures in coastal regions exposed to the combined effects of hurricane 
wind and storm surge. Such methodology must take into consideration the effects 
of local topography and bathymetry, on which storm surge at any specific location 
is highly dependent, as well as hurricane parameters such as track, forward speed, 
wind speed, and central pressure. NIST/BFRL is working in collaboration with 
NOAA’s National Weather Service, Office of Atmospheric Research and National 
Hurricane Center, and the University of Florida, to develop this methodology. NIST 
and NOAA have developed the basic methodology using the Florida Public Hurri- 
cane Loss Model and demonstrated the methodology for a small number of stations 
in the Tampa Bay area. The objective of this work is to develop this methodology 
such that it can be used to estimate the joint probability for wind and storm surge 
events (including wave action) along the U.S. coastline and provide the technical 
basis for improving the hazard criteria used for application of flood resistant design 
provisions. 

Federal Emergency Management Agency 

FEMA supports a variety of NWIRP-related activities including risk assessment, 
windstorm-related data collection and analysis, mitigation promotion and public out- 
reach, and hurricane program coordination. 

Risk Assessment 

FEMA developed HAZUS-MH, a risk assessment program that analyzes potential 
losses from floods, hurricane winds and earthquakes. HAZUS-MH combines current 
scientific and engineering knowledge with the latest GIS technology to produce haz- 
ard-related damage estimates before or after a hazard event. The current version 
of the software program — HAZUS-MH MR2 — allows communities to access a risk 
assessment tool that can serve as a basis for mitigation planning and policy develop- 
ment, emergency preparedness, and emergency response and recovery exercises. 

Data Collection and Analysis 

After major natural hazard events, a Mitigation Assessment Team — or MAT — 
study may be conducted to perform engineering analyses, assesses damage, deter- 
mine the causes of structural failures and successes, and prepare recommendations 
regarding construction codes and best practices. Communities and construction pro- 
fessionals, in turn, use MAT information and recommendations to plan for, and re- 
duce damages from, future events. A telling MAT conclusion following Hurricane 
Katrina: buildings that experienced substantial structural damage from Katrina typi- 
cally were built before building design and construction professionals adequately con- 
sidered wind effects. 

Promoting Mitigation — Education and Public Outreach 

To educate communities about mitigation and the steps they can take to reduce 
their vulnerabilities to natural hazard events, FEMA and the MAT continue to de- 
velop first-of-its-kind construction advice guidance. Widely disseminated, FEMA’s 
mitigation guidance provides Gulf coast residents with engineering recommenda- 
tions and foundation solutions for rebuilding; many of which are being incorporated 
into local reconstruction efforts. Additionally, the MAT publication FEMA 550 Resi- 
dential Construction for the Gulf Coast: Building on Strong and Safe Foundations 
provides homeowners, builders, and design professionals with prescriptive, pre-engi- 
neered foundation solutions, cost information, and guidance on choosing and build- 
ing disaster-resistant foundations. 
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Hurricane Program Coordination 

FEMA and NOAA work together to improve the Nation’s hurricane evacuation 
planning. NOAA research produces improved hurricane intensity predictions which, 
in turn, help FEMA and emergency managers across all governmental levels with 
critical planning, evacuation, response, and recovery decisions. Since 2004, despite 
resource and funding limitations, the NWIRP partnership has collaborated to: en- 
hance knowledge and information on severe winds; investigate the wind resistance 
of buildings and structures; develop improved tools for assessing wind hazard losses; 
improve public awareness of wind hazards and related mitigation; and enhance 
wind hazard-related evacuation planning and guidance. 

While not specifically identified as NWIRP funding, FEMA’s FY 2004-2008 budg- 
ets have funding in the Mitigation Directorate, Risk Reduction Division that has 
been characterized as meeting the basic goals of the NWIRP. The funding level for 
FY 2004-FY 2008 was between $200-$350K per year for a total of approximately 
$1.5 million. In FY 2009 FEMA anticipates $200-$250K of funding. Specific areas 
of activity include: 

• FEMA support for wind-resistant national Model Building Codes and Con- 
sensus Standards; 

• FEMA support for the development of national Wind Shelter guidance and 
standards; and ongoing support for hurricane evacuation studies 

Federal Highway Administration 

Understanding, Predicting and Forecasting Wind Hazards 

The FHWA Office of Infrastructure R&D continuously monitors winds at the sites 
of three major long-span, cable-supported bridges to establish and characterize site- 
specific wind conditions and the responses of the bridges. All sites are relatively 
near the coastline with one in Louisiana, another in Delaware, and the third in 
Maine. A new site will be added monitoring the Bill Emerson Bridge at Cape 
Girardeau, Missouri. The engineering data collected at these sites provides valuable 
input into design of new structures. 

Assessing the Impact of Wind Hazards 

The FHWA Office of Infrastructure R&D has continuously monitored the wind en- 
vironment and detailed response of three major long-span, cable-supported bridge 
structures to evaluate their wind performance and wind resistance with one more 
site being added in 2008. The Computational Fluid Dynamics (CFD) model UABRIM 
is being enhanced by implementation of unstructured and adaptive grids for use in 
simulating the interaction between wind and structures such as large bridges. Tests 
have been completed in the FHWA’s small wind tunnel at the Turner Fairbank 
Highway Research Center using evolving Particle Image Velocimetry (PIV) tech- 
nology to study wind flow fields around and compute wind forces on several rep- 
resentative bridge deck sections. This small wind tunnel has been automated for 
more efficient operation. 

The FHWA Office of Operations continued activities under the Road Weather 
Management Program, which seeks to develop and promote effective tools for ob- 
serving and predicting the impacts of weather on the roads, and to alleviate these 
weather impacts. As part of the program, the Clarus Initiative has continued to con- 
duct activities to develop and demonstrate an integrated surface transportation 
weather observing, forecasting and data management system, and to establish a 
partnership to create a Nationwide Surface Transportation Weather Observing and 
Forecasting System. The Initiative Coordinating Committee (ICC) held its annual 
meeting in August 2008. Phase 3 of the Clarus Regional Demonstration will be initi- 
ated shortly show-casing how road and weather observations from the Clarus Sys- 
tem can be used to develop and deploy more advanced road weather management 
solutions for transportation operations. 

Reducing the Impact of Wind Hazards 

The FHWA Office of Infrastructure R&D continues to conduct research to prepare 
a synthesis report on Wind Load Criteria for Cable Supported Structures. Com- 
plementary research has also been initiated to prepare a synthesis report on User 
Comfort and Serviceability Criteria for Wind Loading. Research has continued on 
the study of wind- and wind/rain-induced vibration of bridge stay cables a major 
issue for bridge owners. A second version of the guidelines document has been devel- 
oped for the aerodynamic design of bridge stay cables. 
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Preparedness and Enhancing Community Resilience 

The FHWA Office of Infrastructure R&D, together with the Missouri Department 
of Transportation, organized and held the 2nd National Workshop on Wind-Induced 
Vibration of Cable-Stayed Bridges in April 2006. This workshop served to dissemi- 
nate the latest information on the mitigation of wind-induced vibrations to State 
bridge engineers and design consultants. FHWA has been participating in inter- 
national conferences such as the 7th International Symposium on Cable Dynamics 
in Vienna Austria in 2007, and the 7th Colloquium on Bluff Body Aerodynamic and 
Application in 2008 in Milan, Italy to transfer to research knowledge. Further, 
FHWA continues to assist State DOTs to solve wind and wind induced issues as 
they arise. 

V. Conclusion 

Measurably reducing losses of life and property from windstorms, including hurri- 
canes, tornadoes, and seasonal storms, remains a high priority. As pointed out by 
the variety of reports available on the subject, such reduction will be predicated on 
improving the ability to predict the occurrence, location, and magnitude of wind- 
storms with sufficient accuracy to allow the public and emergency managers to take 
appropriate measures and to increase the resiliency of our communities by con- 
structing wind resistant buildings, highways, and other key portions of infrastruc- 
ture. The federal agencies support robust research programs in these areas, and 
have made significant progress in making the results of this research more widely 
available. The benefits of this improved understanding will not be fully realized, 
however, until it is incorporated more completely into actions at the State and local 
level, both through building codes, design standards, and construction practices. 

The importance of developing resilient communities will likely be further under- 
scored as the Earth’s changing climate will likely make historic trends in storm fre- 
quency and intensity a less reliable predictor of future conditions. Adaptation to a 
warming climate and accompanying changes in the nature of wind-related hazards 
will create a greater impetus for federal efforts to understand and predict wind haz- 
ards on a time scale longer than the typical weather forecasts available today, so 
that knowledge can inform the construction of buildings, bridges, and other compo- 
nents of the physical infrastructure intended to function safely for the next 30 to 
50 years. 

The NWIRP partnership must keep working with other federal agencies, State 
and local governments, academia, and the private sector to help our nation’s com- 
munities understand and plan for their risks and take steps to reduce them and 
must find ways to address critical NWIRP issues in an environment of limited re- 
sources. 
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nil idi pqpvliiffm 
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'■ l! Ji^i>3 ilr KlfUU ill A# lilk ■IWircmitil aB-i f im=dl ailLL^naTJIi U- a arJ 
■ivtiiL : r iiv-a-i.uua.; m i;thTk*iBf nipcm*, L~.il piife , ikiuk vdptnrr Jud it# 
pMKHlUHVr U III tukkk^rli i iT-pi 

■ V.a|; l!i ii | j I J kill Ji lI I I J ■ inn anl Jiilmti ir.una 

- SfeMti# • ■■J pp*I il'ir* #& i(* hi* I 

. I r,i |LJ , jg | . lull laail II iliiilr J nfmlr* I' "• 

*■ I I" -fir ir- H-Ji ai'Jjpj aid ■'l iBrrli'Vi il iridrft^dr-rcs -a "-ndi "a buUrf^i 
! a re« f+ thi^i r^d irHuiritara 

* LV.rfc'flJMrrnT k ■' Id rSC-pY i tfrJ 0 HJ%1 . d ltK-fl tf riftd l«llE IrJii-J ill it IT *£ 

ifnrrei k> jnp-rrvr biwnkd^- aH micmidi^Rmdiirflii wal ihr iMd 
Timhlirr 4iUj dwir 

■ »^»rv uTIWU^a D Wd^JI, 

a a' k a ll q". i Lit i LTi , u in a'hlti J\ dial laia'U.njkli' Lakd^iy I Z- Urn I 

■vain 

■ 111 • il^i i ,- aial ai|Li nil.,. Ell i^Lal ■■ jai H a I iriL. labni ufiuhil 

k,w .pi . ... pi 


Tkn- nnakllip ■i^raimi ralLm.al riln mml 01 

* ^.'i KMTir p red r irn 

K Lcp aL h j x . rejpm.1 w>J It ■ »" r *1 ’■ '■■■rrkxMrd re^vsrir ■ a;- J*bi-rs ;■ 1 1- m rjq nd 
bieud c* n ii. da'hi-Jj’tf; trtlvjlii-v-r. «kI -Uu -:r/i-r»c-ri =dF-r- jar i Ici hdri-Jiigt 
■nmd i ■ Im B?>mirT irdfiKiui faritei 

* y.isiu.--nr, Jjtj> dial Ini-iiuiUii rra^ld^ci’iab 

■ FUiaLiiik. «■ rl 1 1- !i i L71.llal s.il Jar U r Ifci Ik r . 1UI1 rtf ttr ail 
Laalih .11 j ■ ■ 1 b. 7 j l I |adiiaj.ia. h> ttr iakr.ini mi jiLTl ul «Hlr aid L-.il laakkag. 
£.1*4 

Tkrii aiif BJiinMrali aj'ai mkaa nnb i.ibiJ nul l naar rPa-i La r 

■ I i« «Lpjt. ir? ^pl apj l‘r ‘ff .1 1 • iiLk-i- . ■ ■ 1 .-jr s. irjp- 1 - ■ arij rr - 1 

■ E*rii'-'* ^klT■7d , i^rr nfenncdl pl""i r-p. ■ r»l * «- id ik-l> 

+ Lies I dial nar-iiil pnpxrctvia ilita^i puMr>nvjK parankfu k-ibiuc 
-:- aindrti Jiil krkra: 4 :-rr nukr pai^Tiiii 

r TibdUn'il O p-d .1 h.Lrlai ■ | a'J Z h l iLl.iaHi li.iaq? laal l4CTbV fa Hl-£IH B lldl 
n&ha a ’.jK .al kr ill . J| ur. Jd& ■. 
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2 . PURPOSE AND SCOPE 

fVAfe: L** Mft, Tikr II. Iuv*»i si lie ?“'p.n«4 Wsphfc,'r»> Crnp»-». fethfdksi ArtuT 
SOW. -ran s^rcl isk* l»« Iti 'Pmidkrt hub ti OdofcrG KW Tin Ifr* serin »a.< 
rsr«NnMr frtkj.T Ur lw vfllr ni itopnfljr TT" - |w p fctL 

|Vb uW.ta ft'.-wri jrli> bV.uV.f li Ah p -reaNr ^ Vw ,* x m v» ■ i I '.‘ffir a,' '.-vw 

t mt r .i - pl p . c frVr i%V r* ! ,lnr Tt^n N s 

A-.—- r™ h— -v- .H i~ —Vsc-ydL, I*,.**— (JWfclHU 
Vj^T'iW (s' “i 1 7« >* ■ J >f> |NIS7^ ^ FV«W li"»ni A* ■ ^(i ■ > ■' . iJuTn 

ll-JlH-Hjl ■ ■^ rT r'^rtm 1 ej^%. w~. m ^,‘ni wJr ‘('Vr li'.nvj-n J 'ar/iag :‘ im 

ib-rth j A i i'i «-*—-■ —4* 4^1 — h™* — 

+ M iT Jhi‘ r\f* iJ * A'lnrhiLki: m*n nJ LWvku j t 1 i" .■ . 

>**T — «***_*WU,. t^n., 

*■ KSP >kA 1 ^il iin^.i ■ ■j jl —ri iH JkfafiM JU Uhar.1' 

l*i -ril II j ijfjh l*A». nJ jk. kw^i *"i ■.ibm 

■* , ! I j'.'-' U I r .■ Ink inVi "IJ V lri .1 ■■ .>.• m- r. „>.■ hg'uin i> 

■ niWv.jbl L'n «LJ rr^Jvji lU^t. iW^bl 

* l i-IL I AO ** kkui«iVJU _■*.! Eli .-jS.%* KVM-'-n 

hi%,ki L iwrHVifM Jua .aV rv>s j*i tti.'xa l mvnA Mimn 

^liiBilIM iMl' BSMilAl US rf IMUTu aALkW ikt! dv . I Jr#. ■ '. di 1 i!«i "inJ. 

fpni 


1 1« A: i irikr ii^uLul tut m Imai Usm-i-rd siji um it« dju =-i aiurium dl ilrii 
ilk, ltd jib r^i i ■' if 'A'jiLrf. W£i%k3 iUI :-i i\ k ^ ■ j i ■ I wima ib > -c-r*rn< ll mi 
nfkirw eltcvC fihi kinzYMY fifT^K stfsrxrij c-iitu I'kjtivu It* dt-moiiE u ildi 


s 
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3. INTRODUCTION 

a.iceftra w *iru*™iml wing mmme 

I fcr JSAtf unfiK iruoa U---arti nmu ilai vniad karar, aisr|;lmp irjif-iarw 
(rta »rri nJ Tsirn anninTHiiTiiiln. h ™ tJ ft iitti i c«iIt Itirmoc Km r- Hi, 
Unr-r: Himnn Kmu, <10 atH 'A hri rt rerun kH n rfrcruiF Uim harr renih- 
Lhrw rmn ui fcc.boih-Hi hr? krii ■Hlpir^rfr sniwp-d. The 1 raih of ^-r*H iar^ n 
ihr buJemruonevi in an ■ nd lnsirdi czavnjr n Dcnic.nri v^kii pJpirxd lb r 
I 'Ni-ai Thrpe rW«Bi*! 5 -wnli* PTtc-ar-hr tv tral rcr-rm RBA^ki ‘bI 'Jtc 
■ npin pt Trudinimr. 

n a wpw: p brFL/lfefO 1 , ■■ ikIiktiii ■'■jkI akin; r*<- ifcinji vfihw 

Il4&£ bslJ ^uinuid tansn. Thr Starc r'fp’hwda 'ni 1 track fcf T’n Ifmirf ■■ 

J . *iH miHriten ihrir dkar •r*rlrdli I «*>»n ->>r n^jrbonrj la-Hadr 
rfcrmfln firm vwL isr-tn tut wrl iV-rb->j Dr FL^D -qfwn adir,dri dnL n Ihr 
Usted Staart. h'lin -±w id a Jinri*n aadmadcKa iwd lt-0-pct ptt 

.alrKK.fl >J k r r c«ki Jf»» id vf ITU rff and ‘TBfc fchr Lk m: adc. ■i^ip. -nirriK 11 
Irarcnia, |,i9ri*iiKF-r up I nr^iini la*r Hprlriii^ ndpcird iW raxih^r ofl^n p-h.*t»t 
ihr iK-TTim*. Driili nd irf itti fern andlmiin'ra.HiR msb, n ciimnlbrFjF 
I hnrrasc kaliao. r-rrajc tVi rfcrdri and L 3 Tfm per pern Bee ■ I t.i b Fiabl rf p 
aidpa- hn lkam tap: f-nrvr'Hp" HAv^i-sliiFiii. srfbw 

mmwHir Main, bit il lif£rr hr»rfe -J Irm , »arl evert a. 

U FflEVIOUS YUkD rW*ACT REDUCT10M EFFORTS 
I it pn’n-H « arJ I rccr a* i a*. ra^i— - il'p--*. *iad-rmrv-»-mj a*d 'Jchjx. r* pc* *■■-*■ d 

hik&fl^nnbrii Hid rarfri. ad imj'Dsi wjtjii, Ij-v dwa N-iki jbckii'i 
wdi. apd IrI|kiJ rrAra dne clTrcli-aB 4rcb*Ji caFarrancnt. 

BcfhI KrHnvmmh Ic-ftF-p#!* Ukxjrara Ini brjK'J rpwkiiai; rrear < dr-, jk 

harrarf aid rraa-ii F-'niifi uii prefc-nrc arum sn •!■■*■ |wi ^I'tacnl ndkuJi md 
i>dp-pJ-jd! Ajeh-vdIi kn W 1- ijp-il'nip. iirak> pi u rhm prli^ * he FiiiiajfFrrcip rrJ 
Bi^^ni-rnpi^ -slfcm'T mk ■■"-tipi nrn-rr. hprr*-rd I p r-~ • 1 v -tw iaa-i! p-liuppa 11 If 
dbcrl rcndi c+ ini-rarr , i "vri hir i'ni ilarTT prin ll^nTahi '• T b* n naj kr»r berrD ir«ril 
b n ■rarar^g ad "Fin-rii pi rfaic. &Jt pni iKr iKnm npda si 

ihn hy 11 p. ■ p. Kw^n.-dcar+rnpppr ap|at«MKTPn mpebe n*L- 

KrKurH iiteu i skr*4L*lprT i lprfivT tte« dnj hai ■BifrwnipBftlr inp.arpr ka '.TOK^^i 
L'r srf irKin;ii n>i *-”nai ippj crKTWHT?nti'irTii , ip m-J mpapw hn-r pTBijeri 
nen clTndnr iftilr nd k-*-J ofvhAbn Btavi t«i7"ris|TPKr»a tan mi 11 eftrtar 
rjphSPFTP n ihr pair vd h«-rjl 

hvcj hrd-mi ^ 7 - p-ct p b r *" 01 arddc 

* FrA-7i| EawTfnrp K aipa yj n rt Apar] -pEW 

+ ■■;.!..! J • -.nil. ■ ■ n I b i La ■ i -J Vi ha ■ ■ |XH 4 A j . F>pi HMf* #1 

■r^KP^rr 

+ hUrii^aJ IV^idihii 

■* hui h h-J Imraii- .■; SuiaJUrdb j ii TV.Ii r, 1 i-,a WIKlj, L^.pirmrcci Cuiurri 

v radnal M^yif AdrriaPMinia iTirffAl 
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»■ I k-Jirqt w¥i 1 'it-p-i CrrcfepnaTl iH 'Pi 

* ^jJiphI .%crtTO¥lri fJ £f*rr ^niir(in:f |Va 5 Aj 1 
+ i s ^wijOnr* rfP^'i' ' i 1 FSACEj 

I^ll»’|4pfrr|;ii ■ unral |i,4r «r: 

+ EUlr p ■.rim lfl 
+ CuiaJji r <rmn^ 

4- '.‘.dr, gpftMUWiOi 

■- - - !i 1 J ffiZUd p4 UV.\ IftUU 

I'mIt, laai ifmniLj ii i i'i^i r j Q i L‘> 4 H iLii i-v-rJdiiB u ptef i*niU.Hf >:ic 

■ iVumot. Amaam qfVPrri Ei ^ j hu b [AA'tfEj 

■ AnHTTfjr. S«4nf al'Crfi 1-iflVi ii HAS'-lil 

* Imm ibi llifclafiBd tikviK 'i^l'rr ilB'ISl 
+ FYn-itr 

i.ifl ECEIvT PfiEPAflEDftlESSA^D HfllGftTFOM ACTiGrt9 

I Ijriv a >r Faimi m rr-rwtfa son b ■J+iftr fkib ivl rdf n^VKiun 4ui 

f4T p< k ■ k k ? j aidntivK-npiin IdIif ntrtt mr»l i^ wr ITk- ?uir dRcivli kvl 
■ rr-r^pd houK jii; n SAM m p4 * i m lj itc la— dint, viit 1 nn: p-n-fiTii- tn Ikfe 
n»ic n ni^ar-n arranm-to n ■.•?. n hn ■pdprT'p-nT. nock RniH fci br Jmt, A 

IT - -- 1 I T3 TMT ™rJ-J\TC-d hf IBUi bind llwi 1TMT *llli "idl’ni I’RftJl I FKJtKPTTOn Ilpt 

Iducn M-fcm teprykri ttrr Imijei fryii biuur.p btJ ia r*ti Ibtoei rpnirr rrcFfpR 
lia: rTfurwrrE «rf ikr Kiri i"illj ji;F'*kp n ir-iimipp-fcnr tatn mm i*r*r mm 
Mur lkr«k IIe cnki ilmdd br-cven ilranpi £uxk pdin Tcmh ipt d.rpiR karmn? 
F-mlliK-md bid babm,c«n ud i>r>: irtKU[ii^kiKTn>J ai ik witjjhI ctf 
k»c'ta. NOft . J i A3 Hirarrb Fiih mpJ tkc Nb^-mI Wrwtar5icT*-KT ? fifc'mFkalf |" , v? -, n 
bpt r--v*"irppfq rrrparrrtris iliknHCi n w: a^Krn^ nJ rh«fi arr rntnif ivr 
rflfcriw*ni srri p*.f"ilB7ir pi ’^ftwrbHc iFrterr. «rH >’ n-waskiMic «"rd" skdkra. 
Nir-d g ikiKjii bps ■:*anirj- -, F"r p7B“*T , rr drariFprri if FGM/I. 
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4. CURRENT ACTIVITIES AND CAPABILITIES 

£™rspl F'-rt'iwJI ivnp-n ki*e n ■ i«-iv. «-pJ »Ih! arr nHrri*l fc> <Friir*ic 

ikr ^'.itlPTt rJ ir f4lpid ^ irJihm .V i <Jcr *jy ■ »t ■ C fcr Fdnl qprcr-qnA: 
mrlrijijH*) l» n JafiiJi Ip^nplr i|* rirniI uFriwf lk«l FrfVrJ ipm- am* ai 
■n«3 l ianl rlifcd rlHm ik^K- "-"rasH - rt" Ikr h™d uncr ?r linr-f iHPip?ai, 

I m-TiNipk*i; , npi 4 nrriK ■!**■•** P i * 4 prpfl:. npprll* PpJ rp^r-w-jp 

wuiPiTlf mdrnr Krnflm put uf br|rr rfferti w nrtr^pi^ wstiT »>:pJp:i. 
Ipvtppikp. h*a>k*| ■ I’rt prfeurtam. re TIph 1 Ippi dlnto lvr»iijn*d p$mn.iT 
■'lach pipd *-s?lkTi p Inf pirw, «pd t4ip.'iI nmx ikr |* ■■■ j npAmAw. TVmHrr* - . tie 
|rt)4 «r*n!fciPnP.hf ft-*VrJ ■jfip.r" I^" 1 ■nip ppJ »»V , h *-t»J IpppJ 

fdMTPT- 9 ipp» ttp! *r p-W- w lir nqpitvJr Pi' k^wi apd ibc nknml npr* «rl' 
ihtprVpim 

4.1 UMDERST.AN0IM3-. PRfiDIGFIhQ AND FO RECASTING WNBBTDRNl 

HAZjJtfiS 

hniii pII.-Al il ! ■ rl. i i u ■ aL [UmVi, ili^i l:i, dii iuHcBii wiidac-an LaejfJl 

nu lr:-n Lu»= irmath joird tap aid epeumri fbsrcnn foifiLd Lif HiJAA u 
■YjViPhia utia i <tidp iiiairi bf 1‘HfcLl arid I.'WJH. NET u«J KHWrt lo-nu ru 
mruri. .lira dju uiknuiilrf, p-rT-i*- ir< a ral ck i £i a pi; eee vuditsoi c-n uiuuin. 
riU'd u j raj in ruA , aid -:ruo4^ it* kin? kjd>f. a-nik-d w Ekrolcp n pnared -da aui cola 
F-ttyukibi. KAS A a %r-rt. r-n^iari uirbh hur-i r+iHn-airiiil riau aril drrabff ftp 

I- h.l-.rYil/ ilUiiy idl lr U llri%nili Mel ffTfXXTft lU-d (U-_. it-rtM ■ I H rj ImCiULL rt:M. , l 
pf-jipir i Nan Sri local ^ixmia' rn i* »c 4 j arai fhthIlktb u c iIphi Jkii ‘juJxkTiu 
pt'tariKFh 1 1 a uTi kia ndamae pi i e-pi a c a. 

II- . ocii-rri irib iiia.rdi % - iraJ phti ik u^i :+ a a >Ji Kz-m luuiili aid rda antin airc-ra 
rt ikK i^kvi ii iirnil v na im. wad n m> m pdarr- It naiil^siriMnn Eta 
bnAirbi auia cf bmidL Bttxihd bfi aarh i^rJT. bbr HcutpL, ik tbHmuau k 
N'J.VI aad NAi*. hfI all t-ip^am ism NUAA nkb.ii urrfK rarjre.pccc|5UU?B. 
nr-uairr, ar pmur- arai w*d. Hc-YeTix.da ami raraumecinra mv . n ir-: ir rir-n jj '*h 
hpiJ ipiiv; «id hue aciki r-f a rrJ It ■ mfl-K-’it, In Ekbrnr^ iimpdi. l : tWA, Nlt-I arai 
I'Mlfi iliilrhu ilium hLuid o.> fcaabtHn arai pi.Ni? lal'iii rj-rarY sai nrvJia%: 
rinlvfHbri. tr-r-ii. I'm, %wd a rd cake rlu cards isaEJir-re-H pm cnc uul!eciTipQ»nn r-r 
ibr-mat: p.^iccii: dir 

Nrvinlabu, ilYstubf ibrir Hg^rn'a'i knf kil id idtm mfumnriu .r. d>: araknuvdi^ 
ib: (imiosr ■: l" ds »nh da^iK>a ar-al ai ike d^tcpneiR ct pn-pvm i-' nrir^iif; 
ilea -rsrra I hr qsuil aid xr%s-:-nl irjfc- -al'mrai F-rr-iricra ar: rlr- ri an^ arl 
bc'DxiiEKriDirico'mr. Ibcrr Idi teen ■ pjr>ul u-rrese n ikr !J>icrpa nrfc m cc 
uniTinJ fbi(hiip ii- PiBkIi, bu pre-frc if m bi-rn ■■BPri.pnniidr n lia ana -si lilt 
midH-nmlirir-d hi hnm ■ i rr . ihrvi rkim. ard rr le«d roxniri, «n*-<i r ! rda-n, 
.Iraiiir hi vIcit ir-rer jieiekti a ucikd ■ rbr iruilci d Dj;rmi mrirch ard 
kn?pbdffc _ied - rllr rrr-r f j rk Dr-: aid prince. ■ v . ■ jr -rra i -rtlDr'JYe n np^n-r-TL 

4JZ AKU&'JIMU INt I MT AC r Of WHDHAJAMI25 

ITi idi . luniais islVu-J nlJkHj-laBiaAC a- laakicfi axel -. yh a~al biimirr.'arr ilv-iJ-J 
Ip J.-J i a MlBla.iLUr» IiJIiij r^.a lul ItU jfil p'Mre. Tub UnaUMiV I'll Pi rJ ui3m ILJuTi 

■ iirciiil u p^rraii^ipv bs-:-pLrl^ a»-u hai a b-akaKYh HYjarcig ibvaiAiru arai 
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uc-araldran^ itnriiiiJ rnAfsu ‘Ja aiu-u i r.j u n u ^ni haurri fcua^i n 
KPKMFn ukJ t.’ fli n ^nri ■n-Jfr-BrKliij.'Jl Uw crfuri re «ii >i i ,vd «n tiHrrn -c forr 

pfirl'c-mi.’Kt. I X-l Ilf 3Urf T» |l.rtr I -ik'd I Far-Uifl I IHiniK IMU11 tck-ft IK la' SldBJI 

ra Imm ■ her for kmri crab Thrauifo iFerr ifpcs m ■nfibra r>r% or ■rifmr-r-J im 
pn>:Hirn, awta rr-r fMvsk la*" murnl rripcnif i=- r r» I evi i reebb kf c-hipcut 
mubicri-^Tiil itridur ithantii fkJ bm rnnnit ml upmciwin u -irr^pr 
e'jii bc-rara jriiibk, l.-acutf mi inrci u ibe- x foevu ol'itv ul KKrri n h jitK jb %tJ 
■i lmidi:iilpjiffKii ird znmiiiiT htwt rp, Ifji n \m t «*J erLued 

iiJfleDUCHB IHfc IMPACT QT NND HA1AAQ& 

\iiik7^h>.ilri^ lb alfil.X H HilrJ lilZIfib Hr?* IKE IU.XflM4iJ Im Uhi ■g-Ja'i-.'dr EC 

■ >J#i rif- ic> rrm e< i 1 iljit.i i iuirj.'MJ-Jj^iirp ife i i. idrjnnriih n iJia-.i g h - ul 

b*fcB¥iE-r;5C3rIBL Hii iiTVilIUI |IIT«4UM LlEf-i'-iV- Hi iU iL VlfluiU. J Hi Ml, rYXftJJJUtfl 
bubri hslirw-jcr Iih 1 1 -J j-.'i. rl o. ibruj -ai vuzurrirM iz-p-tOfib ■ pni 
%tab 4 "m i-ul imti i -ji ;i .-f I-., l-ilLr^n umI rruealirji diiranuL cupuhJ k& t rail hi n i ■ 
IjiiT-ifp -iuimralr- Ik miii a iFbi rvxri %+ab the dliAii re *#iir w dbuih a bri^ 
ir-Ja.xrL it# iculirK-uf i4 -iuiii^y araJ biLEHruMi k n«. Huf arpr-vr* ai.iu Fuff 
br-m iif 1 Mr iii-1 L"ii nu-sfa nur r> r-di n he dkrw. I ■■rlmp.ri inr hen Am r cf ? rl n 
i iinii a irl i ihru 'Jill ir- rrin nahui'Miv hi mraJ-iraranikiT •■ lur#.ii raura. 
hirfoir. rinruccci nrilcdi hisr Lbii <kTi b^md-m Im|i iiiir> if+r i xurrr trail hi rsl 
buUifi 'lui .up. ra 17-: -fonana: Elfmam. I l i c -: fj ru j *r . .11 e-it-*: m* n -z i du Sjur. i 
nukl -aricaig -->irj lid iiunbnii viih mjvn i:- niiP-r-J <kiufi irrt -■mi ra rare i 
piwuuiL hi 'i bpI muurff 1 In bd i i^ei-siri >r^ik i m luikr<jrd niniururrjia 
prilLeiiai-.T. Vi^ujr a llx-m k dnifoi prik-maKF >ubc d Afp r=-»: l*r ■ n bu U m; fk H 171 . 

■ ipi-ruJk rjualjnd riu rdul Lr Jp> b pnnu u- btu^luilur bi pm* Hum ■ M r 

H-ijataiJ Ek*Ekfmci fledair e , f'nn- r BTr j -r^ rf jja.r- n arc rev llk r liKiklr BK'lr-Ji vi 
rp.aaii^ iwl buo.^ ran n-J j-.i cum u Ji -.rxiuir*! Ed vud k-»Ji li r ui nid ji Ilia 
pcnxra.iid cui iTiafc. ai iiicnpri mam bafo Ilt bver rnm. Jim* ■ riuitii id for 
Frmir > mi. mam aas r-'W pr->.viraii il ax vrJ ai hi-J-.ul ^yirxa. Jr hi-li^; ss-i 

IJ - i V"U. ■. I" ► I ■ bx foaned E-n a r tt - a r jr I r i k 1 1 c! irn r.jhe #■; rprxiiacd rki^rn 

biibba.rn.im liaiiie s tt iniia rai, uJa. hanvai.j u-i-3ibir vu-J jKinii 

Mra ik i ■ i 'lui arr mluird ■■ -nrd mri b idcwet imkrp HBdprrkunarci> bi 
rr-dizjfdhr Bipm-n ■>!' anrabi fkJ Trairnrrn Im^tmi'iT unruna. Iilir-rii Jir- km bnrn 
mik ia prams iiTKanl U-Wn iinKHm^; "itadh {pcmai rvahjaizri cl-dur^i -r Jiai a 
Knrrjrr peri rmr jk a "iir b ■kinirmr 'trai>laimri t-rl'-rr a cnuirfhi: cftik itkJ id 
i>- cji--ib‘i ira^Kfi^ruiFiuKinini rrsj mef m nuoini. 

4 a fncPAFQ! i.’fji s:: iifjD rrjHAkcwG cnhPMJM rv HPiitr h«::r 

I 1 )-. | bi I ■ - 1 Iri L iX Hb advi r IA lla iTi^i^Uii uj * laiSlIll vVKBI, 

llii ifj uii lur if; iiti rfnn |Unj ixpUrr ccri>n<f| alai iD-k-jnd alwrr iDflti li ■ 
iiii ii.; u iv.i ■'.■ ■! ■- 1 a jjjai ■! ii dbii rr-.d ■■ furiBjeiLfi nti MDAJL aid 

■ '^iV::tJ.-kvi k-fii ih aj-z b aadpK-rkiru i- fb i\hpviFi-riii- Sul. au-J hut p-Lau aaa 

■ vji‘iUMih jial ■lakiia^.j. M 5 F ua J*-rutH luu. n-Mrck ■■■ varratf. ii« miiii 
OTBrpwkTpbauv: KrI r> qkaaie xid ra k*. ra td am aaazfiB. 

Luiniwriiikm «.^ki air ai PihinbL pepebosu, :jxi bi ulmKvd fiicad x 
cacxrrdl Iljiin ifc/ja-kr.; CUravliXlMj rJarmli lii'galil :all>riii^ a.i'i'i l\ib r£ XIbJ 

fpnsrm F - ■tqrF»r th - r>i“-^rtrv H'WiAJmv iml'iwitmjr^mT. r r . i eb f tJ 
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FnepiiKf&iiiJ ■ >*r- iiJ^n-rr ; b n i-y iflcm, D-d iln^i rrfUc-prrrrBii- ai 

noil :-flrirbi |4 r- v Jr idopim udaxpmKiT Kinrrva 

Nni:n»ji jJmTrcnul md H ».-j i mil rmiuli civ. :n prwr* ir.'i nfiB-ipitdiiJi «rd 
ip t^I. »ipl rairu. up Lrtulirrr.il a i, u-nuic-ri url I'Urffi Iik ■ ■ >1 i bun 
ilankiRRm 11 d nkninscij npnid bi hem emimj wrrc- imlirnnup. 

Lmd icj^rfii iifucHd hi ml mm -ir i-trj?. rl i--i»c pirpMYil, rii^Ldij-iini n 

plv-: r>J i-iiriikii- Kfifd biLdDw;panBH 

WsiKri N'-MlI'i ^iunl Wc*4kt H-etk-t, n pnmh vfI r-Jiri'Kn prqpan '-■ikri 
N r-niK-rjr^ ‘lirp: nrv.ifcniRi4inifiT,.i I* i r jr>:d ranranni n i'i kl 
Nvn. ■ywntlrvh - Wp mi iYnrrxii ecbiimikki %di ihr p»iirjin»i Mil ulm 
ifeu.li iKrir-d i-- ir,y nil m>J ft^thitt brkwinJ rtnra:'l B - ■■* n i W-srha^ ■ pJi 
nip.iipii-ri nyr^TTi. *hr W-rBihcrSrrwRC r--nsiiHK> httbjtkti bn I ufcrf 
p^ivii. Si pranail milzi ncki k-j rarnir-nrui ir-cbtir-j. Y « ikI ii mi^N 
Hfiticaii nib m l/r bk pir-prccr n rwi< fccbKiip. 

In kUbi?!. k*-iI kitkt ip.kip.Ii itn rprkrki rauJ tk I ?rra hi rn iraHn n -*dl « 
s-rflpaif>7CJ‘iri , J r^mnriJT nr«r^n-.T |'Tpjir-3ini jrri rrip-mK hai hern ipcuHrrJ bt 

NfcP. 
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5l GAPS 

i.lUhilEfiSWfjmkA, rH&JiCrihO .WDFCiftEiA&TirjG 

1 fcrK ar j icnba erf b?ii t here adfiEiuJ brarpirdpiE Jid aura nrr rdun »hr ■is*n 
st" ■rcrliRmi. Av»Efdinc ur nlnad fd'iak frol na m t w n r nJ sr’jrnrr 
r-'!l:-nin-r r Trjhnwpr im ad breurfcr durAhiiKei. bcirr ird nr-rr rdriii uuiumu 
■■“ rrrrorbu; runcrd c2cvdiiB»r>hci?*rri ipincr ad rd miry 

h i >i a ■* j i ici Kincn. Ekpi^fncBLrrEiiinmriiJi ad din n:rtr„ 

hjdnmd reiridi :fi lie aipc-n ti wid In curb u tctninqiidr 

“IT^n iran NSP ad cdprr tfji-T-n IT? ui>.upip.|i Ui. W-ncbcr Ftoimrli Prepprar bn 
placed ■ li^h pc mi iy o ■ inp-rwrd kipj^Ldg. d hnriv rifnara--? id drvr P« v r-E 

■ I^nr.-.ij Ir^r-IHI- N’ llllTIV BIT PM IT. PI till KVP.il PT1M IfHib- da >rerl 

Inr t-rpii 'iTir-iuiplpj-.' Isl' nl>rrf r c-n mnh 1 cl: seen bni f-tirptaHrmnni 
■nsd ird Utfnrpdnanr itoKiirri mrl ninrra] lumH Hvaran. n-*i ii dir npvrf cl' 
luma rpr *d.i ad ran baic n rarer* u 

IrepmnjprdrKin-DJ Tiid wcem ii ntaf llL I»ji dne-H tiIt bcbtfire Jrimiiiimi 
■K'j-deriarpka.|; , *l" , hT tibI bteIc 'ird ilrrccjm raic ad v^r Ip ■ferli lie hal 
rrrirwnwTi mpe-cdi vdin ■ hnrr ■irdiK-np earil. ierpinai cl tjkIi rrud vwel 
Mi'p h>p- n *ud *awdp a bkIbLIpji pbarprahein la die cralcrmravpnl ncn fiAiedr 
hi*b«fi iron he ^uirH Tb-rnr tfceemwra dl pecruk iprcmin v I ettp ii *n «i bir 
nfcrartjfi **rt»rrn rdrcdid itjriarep-rrl ttpb lipci tfmujli hal nramnh 
m ibr nr kad ird Ifi- aidi cb die cdirr. 

Mefaxh ad nwb l'rr-»id laeard espcfarr peerbipni ht mp ipr«J Ire rinerenJ >fc-ii#i 
l» *j ■ m i j r i p 1 1 r. nj irnhi«K>!>’VTi fc>i yp.i te and rl n ft mwldi udnnir rrfjrafl 
irdfeeafip denied aad ivrr Is rod irapn KPT l.TTr 2; *. 1 1 I Fffd 

S-idMESBIHGTHE IMPACT Of frth^D HAZARDS 

T«li fci JiKMifidir rfw -rl'vjd hand rnn abccid he drobpeiJ ad ■ |i pj mlL ,1 
Ftjkt rffcii mne br if air to i pfJ r aid hnrr. Fno the il'lenraib cf rad r«rib aid 
nvrairfnpni cf'airrf iifurRil irrarur? iliajtdbr nlivrrihr hd«c • fcmin 
qnlun rf 1 1 ra •-? ittv i fcbi rkifl c rd rV! rlraiJrvcKppr. Hsarr rmp^brsiar dzli r»i »t>J 
lie p i-ilip.ipin mH be edbeiEd ird-in nrfuxfp m riaiufr iai ton rficnkl be 
r ■ r i Hr* rprlbcdp toprefccr ikr mb ™- hip ad 'kTiigr w aidp(e»rrp pIppi-t! 
be dnr'icfrd aiJi ^.fiprfeiiir Mpdiben ad rpi>kbM(^dK lfipn.«rd 'n-JmarpbpKcf 
•he cffiTlfcTirid d^m "i aiwlirn ip ari fi *Ib ■rkht^a! mb to 1 1 rare rep 
fim mhdnrEi ipl "" ad hai in- elhn iPir-'-nai: niiei. Fbr inanrr. sir fnl l.rpeed 
ifrAububril arjclnr.l ad in re >J min kb w f up pi lirir !■■>!■ p ad ■EevUjcIut 
n irai wl inimwd. 

Sceal KmWi tlmkloxnn dr inpcl cf ndlmpJi ■•« irdrrrbalL,hnrpr«pra ni 
■eipnpniprp. if d dr 15 »ra kmbk sprp 4 flp.ru. fcj k*> ipf^py NamdScirm Ferasrtiirfi 
Imbfc irrenlri up I mn fcrrmnl iifpEumrc. 

IrFprcvedrrpnPrpb tt p>Ki« r | inelrT^-iiwtir-rmii irr ibe i red^ l lirknin rf 
debird rbnp F»mi ijr imnn,- rpinbr n 'in PifriwirN dTrrr n ii rip!piv»in r 
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Jitaucrji: IHt iWracl ofiivnDhinXAMtn 

Nn.rras. MtumtM m ri>>ii -L>Jh '■uiiLu.iic-rl uhjim^ nit pur-ipacr^ nit 

■ ■itf JLtjb, IHt lXail£llla N, kcJ ilr i*>IU£ kl Vital “.ill InkiV Jb j itnil -al IFiid 

Ihzjilk'.i rn. jfiv iiUp- -:ju:hi.ldn ei iii .-j i*Hi i >d n iiHina^ requren-iinj d>»ld 

■'Ji laal- tfaJ j £ bur. r Lt W ir L Ik JW i^ii, £'Z1 wtfl ■' Ian afli ilatuTY 

£ 4 iQlUliLl iIbMILTLk IJ utUvrl dnvbfniuii ncliif^EBai -a I 

mecem IdCtdaZ-k-FaL. .'■ k LI I j I ilU-:l iBHlklU d>Mtl *iil ■ 1 1 (Ii> 1 kill 1- 

■ IILTi -J.II jUh Jlrt k>nl b:-%i.il|> 11 -dvpJl Jja I Hi Bid luxirib dh 1 4^1 

licfT-rivrn ii Hi t»kbrjr-':iir 1 1 pa f aac-m and urn dal Laufca^praY .■*=-» uar-fc m ib.-u 
i-:riJarr J u da- iVSCLi t ' LUrli rrl u ■ rirrxdl p-an u'lbi rerun m&KXH r £ llnrL lir^zTxrcri 

■ ll.-iiMli II ixi MA JJaJ-ECUttqg L-U.iVr.'. r-iri Ir^Alniik II dlrdd _H L * I ■ luL 1L- t dal 
tcoK hEeirdii u i'Tidh aiqK_ruir. knpnm ii nkinmm aid ccpcreni t-a iocd turtle 
i.ouuli lL Ji wf difcKSVa HtifTM li-.-^.aii- ilk |ki k roil ic-r = 5 diaj. n. 1 1 ui^icfki 
icumEiiii . J iia cip>i iD-lirjK 7.1a iwd^p rlfFi a nuilii id-idm rii t-uici-K; 

■ ii'ikfi i dial dliutd. rfnni ji iimbr! 

t. A PHEFAHfi HfJt 55 AMD t NHAKCIMG CDWHUMtY HESLIEMCE 

liililjdlan ft tyrikl^i-ub Hal pftr p* Kills. ui aVLiU la lUftfelr itlliilBi-i tfi A-.’iailiasiLiil 
iutfaJI. 'li^pll la'Kak dr, Ll-^ lL L!l Isllp p I AlT ■. IB£-n3 i\ dhTUill ladl.U.'Ztil. fef f. WMtf m 
Ulal bliL.'^ lB-.'. i air-J i da k rail l i’b rj M frdkHlaid ual . Wall El If ddk-fttui 1C 
f-n F-aXitr Li ruuLiK .iirri-J.-l iiKkmnvha^s'i ikf riJi cJ rfipraiiftc-Ti jji-I r. luluru 

■ ■ rlKI^KYpiqUA'-irah. X ri Hipdll£ lilidu-1 Uadi -| Hi ■Lib’, ii I (CC1IUBII |Ju' H .-jl 

fr>"-riv aid »c^Jcr:fEr Irwi ¥iwl 11 cn -i -Jhjiii n 

.VbLid.-iul %-f.T. n 1 ■> .-J-. ti il-'ib^/ilubI term 1 td p.-fcl jjJ 1 , r. jpf cudh iIe-k ai ■ ak>.rd£k 

fi B 1 VV.'I H (H lull FI- lla J I all K 'f fal taCJICfe, arl lUV it a f rj%1i »« JI ll-.i f.t d dn a IV. 

rii 11^ 1. I 'm hii^h-V* TCiftitp Jiirr'.iiuEi ircfcnui-i dn Lhild-ra-:-^-jl | • :-. | ^ 1 1 - I ■ ■ 11 

aaida p-Kirad la id ITi LLI| 7 il IJi il^VL IL ASnlS.' 1 J-Ja Ei\b k>J k-.’ J I rr I i . 

.’Ll nil dif rda;r hcfl-=r djuiua canrakraij JcaJunrs 11. Karra* r s. knian.il t-c lui 
i^iKIt laH-iad Knvacjn nnsrldin fjal ivi ra. DdJii^i muLarr imunarwH 
naa Lh ii i^a d±r«l rri vdiiLd ili ikii run th iml^Kd ixv r^id up: ttaiiij^il 
utxunmBrF ■■: wmaiiai -il n-n-rri A ibfr. n iijiJ 3 :r.-ai Eik- uul u rr k ej , kbc 
1 k- irr 1T1 11 rl pi tec c-K-hr^ faant-k ksui in iL xti.B.; r-r kk (■>:[■ Lia 1 liar 

NiQiiaEJiKfl l -nanTTH ■ ■irjiudrr liV’JLU'ii vil ecbc. 
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6. RECOMMENDATIONS 

hi pfrunihai» Mh k l^inB. ■ iwiiAi^"] ^cJcipIcfF.'iLT mpnlHn "-t+i 1 p I f*i 
hr'* ^'ppmur-™!. f"knn. hfJ ihr i^iK Kr^r. «dl arfrw ihr ■rrkrilndrv^l 
»rl Ebcr ■ • |"> L prd Jc-rkv ■p^aPMif: s»|+i>nWp»i vfM 'f(rrt"r 
nriqgi^i ^f^l i w T l■ prskw lh™r «h> p’«i?'!»f-nmPH rrHVnrjr 

ir,i«|i|ri- fi . ■■■alfnlil. i i j-jirf-mr.T ■mil itii r inJ I -r., i,-kaa-r ■ ibiTg p- M|i 

h* nJj>fcil-H «p b »Trknj| gw^i c€ hr S»4p«id terror «d T"rrlrTrb^!i hwiTTri 

NjiriJIprnr Kbfbibbi i iJ n il N*'**! k-Mnm-% Wrppq NbT >H Dl1*^n kr^Ellll |n 

rrdw k ■ r r*. r-l -"-tpJ ha usiicdb '“ifcblpifi bcfei cn »n ■ r k p k-rpi brt?m *fr*p>r?_ 

pB.«. »ib^ •■*-|rTh#r ■■i'JpcniicfliBiHi Ikim* • Tin 

■ n ^ !P lll?’-"V AdlttKcl a! kill TPPi*rHr. ►' htc '!■ Jv-rprTB r*r>~ r-n I! 1 wMn 

Fr'ip'lp'* H ■*"•!&! "Ill ’hl-,lraii| • Ji,bibI ml j.Tr .1 mrril ■■|i>i.Ji iri B| 

q? “*1 rrrirrs 1 ijc'rt-b EcwJrlmivIx 1 ikn >b»*nml riiil kimfcrn of 'Jr 

■■■* ^rrlpr iJ ffcr an »*.»■ | pr.a V "ll 1 |c 'W hmn VW. NfcfLNCMV^ 

KEM^ »tIi Tick pc?*ik p jnr fcm ihdiuj 

A -'■’iran •cl tuiriufaj *,4" mr«rrfc an I Him MrHp-v iI*bJ4 I pi id »n r-nJiAj p |"|- « • ■ ml 
Jpwll pp ka lr 

■“ A ■■ >tf[ n^rrkal bpJ otvivbjbib ' nnhfcrr tj rrippp-pd bp "!»d c^ttth. p/IpI'i 
Tvhpcrdrilf aa J p»n_ rj-i pcrreptxTvn>krnriuiBTflta*L.rah fmmfnnL 
■cmr>59KiizTi of *i#d T^miii anil p^Hr rbtp3SH - .c*K'BrCTi nfmh pt. ufJ 
T^Hk lirp™lr-4(p:-”l>n,^T™k- r^r#Tff"in k "iT-td r»rsb.-ri»c:Blr ■roqf 
tiIrt^iIc ppliDm 

* I!fjJ jai^ it* !■ if-.-.vii id ih-i huh amiR-rnnn dbl- m?dl niuaoiEfin i” j ikl 
maii tf nvcn^uif KiH^nanc iripniH, lad pais. jhaiiiK -jr+iiT Vri ihr 
pvrt-_nirir i E£ Iki Nakku , i IPi Cfi' 

* A u.klii: "r. np*£t-=-l J ial iarJ VI CuCfu : m I .J :w ac %i.rJ dial RTlk-l ■! CM Limj't 
'■ I *. ji ria^- ir airijlBii Ivlimi i.aal dial ll.au a irjr ki ilrlrruaar ihr niu I 

nhikla^ f i laLlaan auli iila J iBl'iailri har 
" E^krTni ilr Pf»l PTMpI C»J ' hfPPrtlS-'lhK'liJt^Hfma ii apali i la IbiJiIb |-. 

• kp ■ jrk tMjii ptH ir« 4 niiriMp.ip 

*■ Ihn^KKiKT kt ln» i jvkJ piuiLiiliaiiir iidjnlir luir-d durmrif; 
rfiHTTi it- >. npirw kip.iB h-iiF vhI uvknmadkM^Dt mdnrfrip vf! ihr ml 
THiitibi'iniu - lK<ir khm 

* MrjjjE^Af,#^ k -i f li- .Vi j nd-iibi l^i»r.imn<mi n iml-mni, 

■ r kfalla." (UtalfTi, u CITi iit-ilTi dial I'd ralZ-Tai kir kjjkkd.Lfi It- dial ikni^i r-Sn .lr. 
mill 

r K> ■ li^ur jijI ■ l ) 4 .ia aa I j p. j ■* hi jJ..- a i tUTdf«J ia fauJi al nUHndVi iH T n^.dl 
aiijili'ia'Cir ■ViTa al ur an 
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IV* ,--; jU ^ i li t ■ 1 1 nutl i lUiri runi re 

* Tiniurair pndLcuri 

'■ hr ml. UiiJ . n-.i.iul dal Ir in .1 ■- -. ■rkarf'r-J ni|mu i 41 Jablm-i Irilitaqg Lari 
kj.ail ■ i rill, jikilif kr 1 1 . ihbhiai I iLil. ■ L . j ■■ i j|^iJivL 1 1 ■ 

.■■U’J lalmldilur a in I niu-aka U . II*. 

O, JBI1 i. i-L I . 

* Skuvliith kfJ T-rh^-k^i ihii Til rd^r rcii rlicMrr iutr ql n-: in 

■ idiK-in mml pm’vton Ic-br pJ- ■*,- ht>J n |i«ji -rl‘ s*ir rd kail bulcfcvj; 
■rsin 

Tkar ■npcnrrawm areJ nloriKna w-md mbk'nvwccBxVe 

+ bviL oa> , if j--idl »J IrirrU r-z-z-rrkuu ■ r, rra^cra- n wind ttfurj ch i b 
■■ ui.nnl ptriufind >iid iL.li 

■ Lwiltlrf ihia^i |a JJa Fnr.iil- pa if~n ih y. l'i r.hn i b - 

alMih ji >1 h ■ LiaJ.-pj lianCn' | n ■ ^a ■ ■ L 

■ v la -vin, npt • | n > i r > Irang p b J p J r ■ ! rrppFi" >lal 

■miwKr mlr ■?! krail 
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APPENDIX A: ELEMENTS OF DtSASTER RISK 
REDUCTION AND HAZARD MANAGEMENT 

"nvlwivr-mrfc hI b ■ b p- .n i miilfl r.*rwr*r n mn. hi 

linhiuw-.mlj t,*n um i br jreujB-i vaiif-ti imJ h I ■ kVa* *■ an d 
hiiaJ ricTriiBL ri'i arjr jk-r. | h - 1 i i T jxi pafiiLa ■■, or. - -a iJ 

HfVW? PJb*-r* r> I r- il-J>!-t*--l-f> ibniTICl « L lAil KfCtdl.APi 

Rm 4 ( ■fw'i f-* > in .^bi vi rvli 


Dm^m 




H in 

hinri Pft|‘n 44 , i rjvJiv?ij! 


aJiH^jhii il BuUa -naiM/Inla^-p--, 

ri*yiuU,dta(iwu iwUa 

BfUWfflHrdiHlirC^iri 1 ^ 1 . 


2 I'LutJ I i/n AjVdr m Ak'iaai; ihih 

Li Ini- rtribiiijh'-il an ITa- ih-^'L> 
m^nwlf m «nVlimT^I«Ei mn 
»kI trrwv-s'pf^TOj Th-r 


vad k 


*v-ti rfBi^mn. tn rrijrwi p-j r wp? 

R¥un.ran: 

ran H a^p-aalM^p nadiara ai 

b-m* anJ fl-a-J 4-'j ia;ii 


*, --I ■?-■■■>•• If. linwi, JT'J 

ium^i ■JL~ lrT-1 N ■ 1 ■ l 1 


k-tdifa- -Mb' 4 -, ■ r~-»* K" |Hn m- ■midi 
nfrnm h p«« i*.+ i^i trvLp.iLn. sd 
f'"ii ii'KmK « 


■ alipiV ria ilV.il-k adi-liJ fa -j)i.iaot' 

*<N«(i kfc»‘ KaUk-n.d:-fcaL.ihB-^i». a»J 

■ til !■■!■■ IMrt I II I" 

I HiA lumitm .ji-rna'^la ii.ii.i 

mmmm-Sm 

am - 

kn a I tit UL = lr.-.haJ 

fli I ■ rt -a - 1.'1 k-ns- rf-l-- -r -p 

ti* "rtf fw* lm ifw fr him J 


rifi-UKe ia a rirt vl alauur.-il 

Phi aid* hi-a« jifa-aJfJtCi ii'ACifrif aid 

m ^if'-tv f^ppil i ■■nrcii erirwi -m 

luualn Ijnml i ihbv 


fc RhcpnET Hr u I *f ■ 

ffll IlMri Wfp.-iH BTiHfc-- «U 

L ■■( 


iWHaUU* «J i»Xrt IH# cf 

faiaJ nJUj^TaTI U mWriToCdV-l «lhi> 
DMIpii-: w vtv*m nda^n^NhiW 

paiiamn ■ r iJr| ik-fa n 1 1 d rhlL nki L 1 

adjlki j.-i ibbv i.inr nl Ik 
A -it vaail-H I ri I -„!>'■ in +iLlb k 

H a hi u. r?«nrTiT^ni<B H|Kn 


f. K«v»wrr p> in iwt 

mukr ■"■ +r n rm w tiiimstid a 


a 4 ~B.ll Bp. ad r i'ikf -.-.mim-d B.' a-aa -.a ■ ■ 

b ihal I r >j Viiu-f-vTaa. 

A- ii.v*fP 5 pr-ryu nku h»*lTH h 
i .-^1 ad. r, ri- T .M ihr bunlai iruai 


ailatAfi ha iAmb ami n 
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APPENDIX B: REFERENCE 

1. Mndv", iirl M . '.‘ii-auf- lr-i«nl Krujiri jrd Lv»r kyim l ibi 

I y r,vr I Lraii F&cdu«ici J . BAS'D t5 f-p. 
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APPENDIX D: AGENCY SUMMARIES 

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY 

iJ^OEnSTinniyG.pnrOE-pNP alufn W"EC»S-THKi 

SI'.I ■■ u j In is I j.. n^iiril i iiifiaia itu'ayhii adf l!r nnian a a f mul i|rili --ill 
Ij a. -I J hi u^iiuaL TVTT ■Lu'i^Vn ■ airn^i' aa ui . iLr kr^inialB. Lai", au-dtaf 
adr'r.ia j-gaA. dial fir |Vhn-i ui. ju-J ll/ ifcjr .HPj'JC 7 KlnUil Tla i iiV^ITili L a d a i h 
IJ^ L d alila lil UGAliirb La.-vb il|T ITaai: ibr uKr.iL4ifl J i .ajanad-. In (hr aJnahnJ 
ra^aa-niif a ■■aiiiaiah NIK I I in. Jui jvil'. -ivr il n. ■ a*. »a‘i a.ral lailaJra, p a,aalia anl ban 
Jaiii dul ■ 1 1 1 ,iT>. K-iL-.rby ■■>.■ at s itloJb d Ka^ijb-la-r Jj’a. ■°'|daiiia al ad|* tv arian rlul'f llV 

■ laYridi I na nl %'jia Iji< ■ akialahia‘n 

YlP.l a a-taLa U irlnia b aaanl al all a1dj'aa|raLiiar latil lnialip^ i a jab k . ha, I L aa-a a 
abfeilliull i a J alaln. la a a J ,ain1 J ralaria a|i nil J il Lrtgala-aJ I'n'iillaiB a 

MkrflaV 

NIKT ilrirb'fH a (ill 1 1 H naar.alr. r lir.jhi ■■An’aULr. jlpi Iib i i 1| -aallaali In ap-iakf| 
•Lad-Ta-a-la*;. r f. . NIKTIltd A-.vk.fit I aLlJalu j.ink .1 ^l^ii, iai -t.'iaVrd idfi'iaii li & 

■ bliai^-jMjl bulk ui'«b - aliah >i !r_j ildKi adinnalani iJi'aaa ii ai d.raJ l.-iaa I 
Irtlll.Tba. >i lajiilrJ Da Inir.r a i ITal u dr liUTUaUI ul LuJ bklihf dpU Wruil In 
a>l*Jfc aa alaaa^i a ila’j. Jan a. iff biVri -.a H U la aUlf^n, iLru aardaaJi ia'r a mi I aa 

■' . a^arTaaa j jtaa.Ujaj iJiWIjiJ d kj? i h In Numl ECa ak I'abaJ hi SHE I BmJC/ff Daf IjTnJ 
li-a ataaaali i4|aa.ali I u ir I ib -.j£h dial a aaAl riFr i^j'i ■ III" a iBt*. a iiiiBalT aa aVaaiTila'Ia'a'a 
ilnl a'l’a aval ^ah. -a a HJUEWl# 1.1 a b IVCLa' a ^ v^pal rhrd lUM aba hi ValJl llaJ 
al-i'4 .famal aa CdT |aV> a I ■ I afrMI li-laaif a'a I Cbm. n.a'1 a aa ailniaT a'a -^rtai* - Uabla^ 
Inlaa-i.Y.l at± vaat-a-aba-l a-i n'-^. htfcr laaa NIKT .b >.r bay a i Initlafri kal ir nTuaJlaai ail 
iari rllr lIb I Lai a ■■ aa B I a'a akihi'^Hfl Da i.aaJ abar-laia Jdl cbiHCWUla 1, aal ibnkfri 

■ ala aah n a . al a 1 1 a i L la- blip IbUH la.fr. a Ufap brtrb U-a' llJI EkUa^i llul a^hrahh-'r 
■>.uia a* I'b a' 1 1 

Tkna0i da r afa'r iar La aJ a baa J.-ba,.n Jl] in i NIKTIria. aaaaliJaaj-J Efi a> IDCafl L 1ft bi^pIvH 
It* la^pJaa.! 1+ ijlLadi ait* lal-aTtH tiuTi_'d 1* VaJirk lalaJIa'an i, dki VULtebna 

A55E5SIPA IMPACTS 

Nl/.l aa-ralf Jaa Laal aaianl aL iau£r ital DUa paTV.'aii irl Li a ad. trader aa 
a> iaiaaj-aiLa.-i.ain. Iai aa f aYa«.=Pd mail I aa . a aL-a . d Id a a La i ala analgia la rl llul ‘ml a aaha 
|iJJa Jui aal a-. aar-d a a' k.iu a da lalaar Tlu |ma a I Ja-ailra aa, a nil^JaiLL'. ujJa.Vi1 
NIKI Imm- b al h>a'tupagrt aa jaUa'ki'r a , .l.aaLa ala. a aal a aabi Ua aJuaa lb. Irallb iul uiEH| 
l-C Ikr ,'laaa .a'^ai |iJJa ^uia^b-l a a bab . 

- . . ■ r " i j. a i a a I a I i * j a I .j . n j i ■ i j il j i _r aa 

ual aa.taiiaa. ; paYaVai a'aa I kal aUlaiu laaa-J ijln'-ta kl taa i j l bi ibr l lqaula ar al a'4 
I brjaaa.; ad 1 -"at'an D^Vab^ftnai 1-aL.iul aa^i Jii~a iliadbrib la-Ta al f. I I li ardi j- 
A a a bn 4. i.La la UaaiL PVaaia aa Iff - diul I biiiaaa ■"jAaJk iiaab ihlab 
Muaul^la aa L'HW 
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An nvBiUfpisfi i:+-:-viif!I» Um^l^nngfa of ]H? Idch Iwlraiiwii 
■:l jn-nnuKrd tripa jfeK| rak hi icmufc im-wrf iind n- ninvr v r a ipr-:d 
:nK-J m z ±‘±. n Li -i) 1 1 a*.-Y w pfmKil irnnni 1 tf its '*■ ifei^ 1 j rz-t p hr Sinned 
Diiiln Rdi.T>]i i*cn Srm iJn .V^pi i i=r-«i n ibc L tlur o= ibr iVikn! 

■' rt r mac li-r MrEi-rrccfj iwtucii rtctudi a NIST - jj ■ rami- i* jaal iiJhi-Mpk'iafr 
ku rtrciml by i*k Kainid 'A ml ri Sttf-t hr nphnabma dira^; 

tkr j.-’.th vrjlir KiHU 

hirtwr. .MSI 'i |>-‘hfjn ki d smear r Khiniinaua n tic L^iat'an fcqartc iJira 
1 1 jrrFiv MktK jnd Unnp l m - JJ%s n r»Hi ra- n-h; -nlJi f intlL 1 ni HUD, krin ■ Iv 
rfc- *■-: 1 :-priem 14 ll.i i irjrk hi ■:Hfii?Kin? rtLiarr rrmun* k-ihm.ii 'Jte ixJnml hviet. 
■■4 l^iiiHrui fei ■:■■* ■■rp;' l lF Ji inn mnm/r of mri Tiaiiri Frnj frcwi: re ir 

fcuUhMil. T-3 ikisniuR mi wnt ■raa l fF n r , ai£-nrir, iilum vorukc-F-i tcit 
ccwixcd for ka bjkim m i t-r it H ^ 1 1 »- 1 ^ ol'lhc Iffum; f irtn-or jrd foe heal 
riyrrm nj afr aFykina ufilv iaii ry n m i mm miaul 

.'j pun oTu hro_Hfei araiiKr ?j ram Armiiiniun ind I'aiinJi ncois « Ik bcJdsqfi 

u4 krc r--*muilr- S"f5T n r r r*i 7 "- 1 . in^r rJr ri cwpr^*Hi ■"?!• -afro- mitimn. 
i >rf j- J ■ %• Nv'AA, ii "nil ip-rcri iktiip rraanra. i?r- akoTluir m nucvi drei. n-ror im 
nr | » prrk n--5 r . TTioc rffomair mrd il rknFrrnnrf;dr ?iH rimnncn aril Ifcr vrid 
rtarankiRi nrai dac Han In u rtm* il ai ms ir-'rlrd him few r ■lafv'ii; j i->ri wetti h 
vtarnrd akrprriK*! oFIik- pn^FiK aid hr r>J ’pin* NIST alvi 'h»-rbp? 

H'lnriir fern ihr '.ikt IthtfJ W ># Jan a --Tie I StSAA'ai Aj£ 0 £dsu ac-cnos wrd 

ii hnia ubl4c for -ndra-iF- Tahir vuipo. iic «i^ckyn in>i-snKirirs>Ti ric 
nc+a irh-aa-zrd Krhnqvn hi- hcFimuItki-. Tht icdnqai an- nk-fuzd l*r nr-y; Mnra 
(.■rfc iiri^!*p*PF h n'lrflr focrfferi gfnm cmtinto bEferrrr. NIET io" iihiIi dr 
ASCE 1 >jn:ad -Hi i^mnwc on W«d Lnuh n dr^rk-fMI rd»r. updiiTd UJS. 

■nai ivsinj raqpi- 

NIET n-fi” rl'+pr kna I ha i tfc- »»i ihr FfcnJa WjIk Lri F'rrdrbna ra^drl ri drr 

rcq>irii lc ibr Flbnda I.kparmcir. ■:! hiuraii !x^r-"r=ra-. Tlrri^i lanha-r'i iidhui. SJ| E-T 
■h? it^riiTpai a™-i djpi'php*- iWpatdFMicf Tr|*rm anJ arJiFrrd ifcjc*Frai-T^bp« 
or imafr n bjUrif rmrkpr -mrfn imra 

NISI hii EotdKfcil i'htf M birispr-ip# am "iwnm ■■fS-t iVFrionj.'nrd Inda 
■da-h.'I '.wnsinJ. «f heJiAc rairr shPitn *k 4 c it Lkr mjr- Inr rrd r-f; i ra knd 
pa ill hkI nAadrtl-r»vTpj 

NIST ii"ni5pija fv mnaiEc wr-sf diiibiR nmirdinjpv«brKii pr^iarr In* 
hitavn l!w baliVgf r ■ »o- im.'^dcd n •-Ifv-ijr'.nF hran fer jh- ra »If 

rki^gii fnrni. NIST ^^l l 3 hi? ifcr cifwnir Ipdrutky! t-Tnpiliniidl litl d^um Irarii 
FniR ir »ail rifnnirf 

REDUCING INPAiiTB 

NiSI hu uptfSJiKH n il« iid -if r ih j^kiiikik. nd km d ■-*, ib: -irvr 1-^n-iiT: dJ : 

- rr TilriT ii'rpni m fuc* fca-a. 
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NISI ii, lip'-. KHi-J ml rirr m 'Ip ASlb * ! LHriinl Lofirusi cn Wad I v*li . u pj 
FTrraki Taurftfr i^-ml hqflh a-darcl >ji-J-;n^*Jx¥y, jnrtnir imdkiii. n-J p- r - 1 id-r-r n I 
iriunbiUKUzcpn: pumvivJBi r rad tifiKrn^ 

NlSl hu Hupporad ikr il*»i cf-rsni cd'rrsalair^ fjjkin befkidinqfffc in ixeexHi lad 
H Ir.'hk p a ■ mlikcf m ibr ti^cd, 

NIST hu cfcmtaprd K^cid lumirr mlrnk^FB n rad 'f- . ii uP-an- 

^jiuirLvii^n nF^slclqfrigiaiaiJiHi n f il r.n " r r^ucmcH ih !~-uftk kh Ijyit iuipj. 
Hrir*-ii ibrinibsHXRiilT Bins Kraut'iirdiTcicHEkxartf* nlmrr urd 
cknifr. 11 : ifcr LuUrf h EfirahruiE ud -inuria e^hih 

MKmMEDHeM AMJ EMiANClHiA t'DNf.'LFJI I Y HEKILfcNITi: 
rkru^i HM nv\B^]iuii S DTI Lu nuud HcuuHnJjmn braiiiidli ■ ■ ! 
nfliTKEUiai.-:{ >.iaih[kidak-J^i ■■ ■ BKirr-il Tral-ii^mnicinaL harranffr, 
NISl'a n^i^nni riT ikr 'A’-aaU T rafts ■'xirai m<n n>U%ziB al> 1 1 Prjpc! iui b^rr 
van ckt£> |niKrn ii lu dn -j nkv id + 7 * rl^nwi vud iuul uunf; hUmiiHL ah* !■ 
cnnn Wd knife r-n ull -dicc^a 'flw Ubi tui mi? snipJir-l vs it ia±a|vinl-ar fcni 
1 1 J- IA R ill. Pi Jlivl l-V Jakil^TT. NISI llll I i-Ti I 111 BA-I lldl ikllaiUEiT KHflWli 
fi iI:4tu/K! limb life be rk^lrf^d Ibr |lj cafrEhrircnrd rim 1 KU14 k pn*wra 
ururuna lui.-i -ia >:-a Ml nefcr* ail ■KiPa.iii 1U1 r» nJi ■■ rr p< ji J 1 Ii aul r.|i>:-ijr±k 
■Tiahi a-ir'ia fi iu^; ^nnum: bi-I O ihvmci^ T iai h%L u£^iiE alUnu-seuI 
Nilkaji mi in, vi :j i^ris luu d vjal uirail ■ n ^g.diu md rinKUHui wui ipwrf 
dvJL 

NiSi bu IK- nmnr wtad 'Ini ai jn^raB muraibf arrik-pr-d a»ri n pirn car'd n 
eabfKi; de iHrfcamu'c-i ic ul.'MJ-Jaqri t ,J . la mu U-y ruxk dr r rui Lrakr LiumI loud 
dr lift 1 ccrckdcrfe KVf. vndi ml rjnhqLU feral 

NIST pranAri- mnif k« mrd li^ ickoL'jidr^piikaE, riB-luir mira^ ih 
pe-jxkcnnl nuMirb. JU«H[p« f%di ir dk >mi :4 rikI ciftirjT^ 

NATIONAL SCIENCE FOUNDATION 
iJ^DERS-TJ.bDfM^. PftEDETOQ J6MJ1 KWEC-fiSTlIig 

IV NbIb ial r B«-ia r TmuLil imi \K*P; 1 1 nl|.« i iliipfetphk • «'! iru.iri pi*|i 

-j^i-.iI 11I ivai^Mifcar |rr> •• r-Lr-J w-jr.l, ■■ml E irl.a.^ll. Via I r. iv ■ ■■ ■ ir ■! 

| J '!« «lr Bf*l«Ir «lr- Niy : ..T-aiAnl pull. £11 II-U-*. Ii irlaTr J ~i ■ iMninri. 

liVTriV ■'*» Likrri. aal EYhL TlaL ■sili'h il iiaiJj 1 u kL ilAi uhf iLr CTa'i i hi ■ d p Ii 1 1 
I "j pt 1 ■ 'Ti ri ■ u rpi’pii ■> I :■■■ r«J. ftljimil m ■ 1 l-j i ■■■■ ■ Si mi pfc, 
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iVc Utvuhi ui .-‘jrat-^ibf nr huteei R NSh iLpfora hhexIi rbif -rnwri- ■ bm*d 
r-r Kttmn rctrui f kot! h«a nh. \jrrni murr birr* iocs n-Ai-ir drr rfua 
■Tarred ariWi'a t-Jn?-:4 4 k liKteKrrtrpbpEi fen ->uikuI haiiKi>. rnLimrn 
irirurb'ii "n^ k- gritrai epJ ilttik*: vcrerx nnmn; hy-wljiimii qI ktcfu Hrjfrh 
Ijr vuifc Ithi 4i-i*ir.n cm. H-'ikt jrab iiifl3-£a^-:4 dx uranplKn’ ^beeii U 
Hrafdn but vinb »n -i-ic :4 4 k fc-ci-il’ilr fep EeIv jrd Mcraal: tinpfrtFi Vonei 
I-j-Ttiii i ai ill AF,t.Xi I ■ U n il« rr#; -a f U . 

A55E5£IM5i Ih'PAT rr. 

In filltH In irlniiVli U JUr.ijJa ir Jl'^alai. lla Ah lag*! L r ■ ■ V#riM □ t’.i Ui ■ 

-JiVikqRiB Id -j| lUinilrlUul i_rJ ilalnlfr ntLfll llul II 

■‘irsfU ■ ri Ril Um ■■^Lrii.Xilla iti li ■ -T Ciiif £■ ■ u liidi 

Stnrrnl FjrEjrKTiTi mrircb fuaded b? s£4 : Ihh-— - iiirr-l 4 k- nnfrbvK iarfi«?1 pf 
hiroir ■id'pnri] inny hr pridii; araf jsmiiKir: Pmii ip «hs d mhm aim for 
p.iiT«ni 'inpr ri ilnr^srt lime ividn arr vabdbk inth'iltyTf k 4 Pi^finiic 
iirnFfi -Jvib^ ohi i* ti l-ii ■ i 1 - man 4ui r-*r?jF I an bn y i4t. fVi sur|4r, ira*n 
dsmir paixrm ft tinerved taf I'ndnH Inciii rr^Biingi k> Himnrw i|J*d n 
3DM Tbc OBTafrpaTrni- 1« tfcri A? |ri. *rKii Tprnk verr fa/4>k '■-■arn-k ja ih- 
wwrri ■iKr'r'l rr*^d Ifti 4pt AlJule CVcmn. NSF "ifH rrurairb ijie'iWTfh'dr^tk^rB 
n-'b-h Idt Oh- putt isvp- aid wft acjoapf laiip.ri'rf kfic. iKmi mpJ bmraunri. 
Olkn rnfareb ■ fi-^aied >.ei dkbakd>-vnl purr! ifcidio-r^ ilnrjFTi iirt-i ■ vandp rf 
Fic-arvirmnn tp kuiiiaa dp- B+rip »rr I rj rrm i rk 11/71 iihrokiii iFfirPKhn. 

■ ! rate p-ki?Hi n N5-F kn Tipperv-d Efjrt nnp ? me imi74iTffcm t nieiv 
r.-!anintF iVii'Fjn. !rni»r*-*-?i*r irrpjpinL. >r*i ppI«- pfc" I. ■■-r 1 rami '"hL »rH 
roam snap kjfl'L [vbrc»l and rmKnR «ijp*:ik Hk- n-Ktp-b ahoipu fe-derkr* 

Hbrnpr mnHinal Imd* fenjir fe* efForwr k h> aw ■'.•fTmib 

HUCIIH IMPACT* 

Dmchpv ► ii -al" Mipir-r-i m«blncp| ,, fud4t»[n m mrnin 11 i.pmirroossnral 1 
S?l ;- iiidciJ bmcml fci^n-Tir^ rrHunk. FV-ini draqi m rrh rdi. pkIi m .“.'X r. ", 
scM-iEd jrciik Ht I i-Sril f Fn- Jr-d mruvl jur- •an-i irrl at din in nuxim 
Tbr ram-al n-nmi -=4" drew cniKiiTjr iwHjnb ik- miT e-m|Mt+KTm»E 'Imp pityk-^p 
■ cmmi. H=«Tver, a: itr pcevn TtTK, nraa kqr itnnni nckpir^ 'apr ip»i torfTi 
ik- i'.*tr r ^l »nd iraaid veukci iP-iraraiBF dr mpKi-al 'irTcfa ni ibc 

Mnrnr: aiJ hano,! DpxihR £bm pcnrOTOiDce. b ■ ibr tr-al-zl >N- fip^-l nrirr h n 
■nfwre lb? nodrb^j nr irjkin cqubibon ip 4k ajFra--rn rf; cm r* a r#rr a-r- 4u 1 >r 4 k 
luirr. ibo: ■iri ■ CTp-rerr mi I a i>ir 1 -»JI 101 br Kquuid 'Ik* ardl ir-fjrr na fiif 

rrfn>T7THrib r ■ n 1 p a ** I fthitib ii -fHI ■ n 4v rraKklr^aid aaljau cl'dr 

a-m^LiHK -:rara tn Pin-d. I ruaa^ -4 4r aaw ,f re-m-rr -al 'b a 1- 1 lii^afen- n aa-cabn 
■ip^n *af *nJ i^diil w npr,aaaai, .At ibf Ip'iplf f p?-pr:i'p>? ad Fj^pr r n- kn 

rrupJ. a Ku tT-TPTK an aijgrTr rr-rd 1- cnmiar ibr oi n a^. rf ppj re £n#iroi k> ihai ihr 
W^rd'^lonrpjip? fJ briHc ri mw lie Etdk^p4 pnd tf wcrtj ib mbp-pifi »nd 
rl'krn mi dK v :adi arn»TRn. Sb-F at^nn bx umiHri ai 'A' rd FrpKrnu 

rt h-ijt h a a irrcnrpmrp: hi fcuikupflk uni inraLm ct'Erpern. 


B 
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t’Rt-1'AHEDhb 55 Ain fehHA'ALIMU CUHNLNIIY .'ib^lLIVJC t 

NH* laiJ i fri*r JiFfi°<ua i->ruJ khki riii^vl na r<K riiidririrjir.ii 

Vdriidl£ LMInlU dJK! jlfCi:-.kli l.s.'.d-.^lalla-ii pUidaia^JIal ■ ISt i'UT r.Kai, >aal ■ r J P. kj X*i , 

cr^iELKuuinrl r-iiiardiur pmf»mvs .Mum wla ru L n ptui ii anfsin In bUrsii, 

iruJiYL-rt Ui-Jill La-lLdiB^iaarklii'ljlfi^r. jl ufc-ir.lafdl jial fart i ITJ HU* 1 liJ^dUdi 
rn-juni- luj luaa j-jppersd mi uver rr-:-ici<Li. Hindi laii iliobcan rippjnari Am 
luiui Wfi I aft ilaUhlU £-1 E-HtliMIT pfip-JKil n II d I *1 .‘J £-ri 1 rid M L npTA1ft|ail 
tirknua-liiifl bkI lV.' il-:f-ii |TiT-uj i c nawfi ilciI rdhniriirijf asid i Lit a^> iivuiaii, 
dli bilali b-^+i, hjUaal dfal Yild rj_n.IT I K OTB If I nil Tfc rirJ iLlaJkfd 

NATIONAL QCFAMIC AND ATMQSfhrFRID AC WWI5TRATION 

UNDERSTAliDlMG. PREDK1TNG *NSJ FCflECABTUlG. 

NOAAn«nNm an n v 'trtn??ilw 1 1 ■*■ v^ki rflWOM n ft* , .^*r™ia"^| ■■■■■-■■ J »•, si‘K< 
prArlm a*H Hr ft ai Iff; "-Irnn 'Trull lliT NrijarJ 1&nlhn &r*Fr Tlmr 

|aiakal-E ■ a Li L- a.pa| linrnii aril ir.Tir -JTi*ri ■ ■rikaii i ly III 2 lia.1 1 * r *1 

adds hi. NOAA Pndi k ki ii J i U.' nprar 1 mb fttf e ! ’! r.*drj k ad &n>M taTinn 
Eftiofl in ' f«i i- (atari MirL uflh: rr«-^ li h dfltsr » ri I *_■ NQAA ucanw.li 
Kta-pteis-* ai rtarndlstaaLni «Hi *l» NWiLand psksin ■**! I-cfifwv id*tTT*p»i. 
•Hpp***. irJ law n I iH|ik|bi hw- sr 4**^ p"# Pt" nil iifIpr»rpiieKi»piiP>.Pj>ep »pI 
! l» ai dk iri «.ai i« Tlpr MOAA H'B-"' prefer I a r ’*inipl n«|' rf ms Ijrm • 

uirfLrr- a.apli p.n | a I pa- u p-*i la-L-ir.iliiifr ual a|Vi -aaiM' Jl '.i u^vil «if |li ir mlrl-i f, 

l>i , -f *Fri.“ipl lamiivfi rFR'ili. MOM wpp.rti admar^in u unf rfmlKt "aal 

u-fiu o i-i, ijiIii qrJ'viMKtCi.riKirdiir i nhn. 11 • n a J rb h ui- .aL i l|i hn|_iuim Jur, 

■si riFwjpnrf il ik+jJh ib-r WST WD I^fh BArrqpatd Fill ilr 

MJ te QQQFfttfinA in iMItalv NOiSrt mail (Jmkv 1 **J lr,h * ra 

r| |s h ^ n, ■u»*«*P*| ■rlaw iinmiF KppJ FiwiiL, GPS M»PiJf!B fcrbrpAHr- Dti|J|Ai 

nriaJ. P abi. pari nub | -J'ul g ■■• i r II- A CAttf'E lmla^Fip.p |i?n’ir iwi |ar-.-jar -u ili hi 

nnHwl JiTrP.«n*r *t*4i »i fr’fF’rf. tH^tP ht" (■»■•'-'! ^■."rnfalT airliani 
ABSESSINft IMPACTS 

NOAitf ir"sta |4s's«ipiHfr- a>J 5n i>r pr-*asl ihsujr srv^ LaiiKrkdrb frtPrrrcia 
rliwhi - P> i.Vrlmiasp » l-r mrrtp r .t’ ll-- arinn cTciiA rir.wn ad M.« fS'^>Lr iipimilsn 
Ita mnh is jrtl ipciwti T1h-w Mtvrfi air inriPBbiljrijKpj^'Ki tut hr 4v 

nnmrd *Bph »-iP 4 rr irpTr >ri da ia.fr THr NOAAii Gwtl |.«w?fi 6isJi era! !a»' 1 
Psjmranc '■r-H ■ftiitttift"> nd isHrwsnsrd fc-n Ivnci a”-^»MlcTPnnM»iPsb. 
■isrmppBh artaJdmuiTPrtBn ■■4p'ln!- snsPrs IU fFprlr «tpJ r fieri s. nd 

rdmmvi niewlindt rapcniHipnn i dwii ail ns^iis>i [t» t-t k 

FREPAREDHE&B Aid EMH4NCIW0 COMIAiNITY RESILIE!iG-E 
'■G’lPai NOrt.!. llr - 'iMs! ?'" | CBdFrr5aFi-^-pr- r rlrp ssnm.Eii i^ur?^»F«l »sd 

nf.ritih mi pnrtnftmi'irdic piRid |" ^ 1 «pi |,«.^*n 4 Y>" 'ssi r^nfe. 
rK+Hifj Parmuri. j"rrs+»r» aauilrafll hrr -^rfb I'rrsr i^ipHrn*nrsi, "Hi* 

nP'IP'-lpi" + r-l »-a h-i.l || 1»pH -;La l irr^ k»|tf anllipf niffi^i TL" F« Oarf I'P-p*K 
ihrEP.^i-nwapsjs *pnh.o(lfm "•■■■fr bipJ redrew k cm f nr Ini cs«ripr1s.Pi 

|Bii li Pf. nal u^i||f;n!'i;r«ihJ iL-r-’r-jarral 
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FEDERAL EMERGENCY MANAGEMENT AGENCY 

ij^nrHaTAiiPi^G, hr e DC TOD amp rwi " asnhc. 

''AhpPa.i J .iiriuiral Ti>jia frlATl Ji.Ln nflaji'hUg |r ifiaYaarp r £iLia.ai; l uir ain 
lair bni li n| jiii j| f jrl ror.iUEi uu-dli aurn. 4 rl irrJLnskial Mr i^ui k iiI-Laa-i. 
aJi'aia n an ikr IjiI fl'^kimpnl T 1 i rj liuan 'nnrJiNjvr la-ra iji J Jr I all 
iiyii.ViaraU mi it t p a I al MHITU'UVi jVkTkrl iiVl ii_i r^y l. hi ilk nUik la UtliUiJi 

■ al ii Li ml uhvialiaaM laiilifi'nU i.lr Ii it-i lh iiymn llr Waal 

irlaiLjar |4 ■ i ailli'aiTa. i. ■■ I k^a **iia 1 kau TlaikJ^i Mr ilia ii lUr ill fhr ill Vail 
la kl ■ 1 1 1 bln ■ natl. Mr '5 Lw rilaiaan hail jJIfta-i i L I jbiIi hi ■■ itiakri hi 

■ iiuii'l fat ana U C\ auk is Jm'i tail kt in ■ ■ pa'iP. mi. I L nlr»I ■ Laa a t ■ {. ■■ f lai'k tiajiUi ai na 

a III i I lla I a ah i-iVaiTaairal aial llm fit ir.ai 'la aw- .‘itai. .ipipj iiPira IilUbI 

liaa | 4 -,| iraa n.rl laik-a-la aiJuu>v iLr Libi j k Jija ail i ^ulab?. uf al r.ia-a^r. fti-iktr 

a itiiri. il it iibibl 

ASSESSING IMPACTS 

rirlat-il iraab-a n*) |4g/l ■a«l r ui|ir- . at- i m In, nirrgna a laaa^n, |^aar>aa, 

at i r.v i laamv -vili ■ trip al iiiaiu|aai irpgaiita| if-aiiaiair riJi-nl i i-, ml l|k+f 

■i^ai h n^akf ai| Itfiar tma an 11 n i a |Vanp|r#p( Oil P MfNIOf M* 

llx itru'i pi im aim ir -jht- In iM*"l"rPt; »dpl. 4 "IV. «dl f» irfwi' i-fcil- 

■ tair^. aial afVa tana rana Sfnal'a aiAa-variani u lair-i ra lair 

‘Ca nik pil |a.nl Lnrw Mdig i^rfiMiifCT; 

tSrtai;y H/|?J W liaiuair ■aril lai rail ! aa I a a a pi la I- hag; I aaJ 
•Tiamta | a aValf-ir 0 -*- fcrr- -la a a | irar.Tilaai. IIP I 

a. .•■.r.lr.U-.i.- tftf hi>» *« 


REDUCING IMPACTS 

a 1 ! la J. nal r|l»i lair, r r. Tii irli r Ir P1|«a Ii «i taiia am ia| llr laab .iF.- -iippprnl ■■ 

InW-T ibuit'Jn*>iri mMirl UrWif^Jn ipJ a £Art ■Jirk rlTn H r-x It ci rf m-| 

PENLA Ln I h a ik-rair IncL-.rk^i |" MIW >l«|,»» “■ If —Ivib a hr l*i 

•lv i.ifwip^irinh^ U? Ik rvtni'i ' i ■ "W hmfckfl ^ w A f rrpj 

aJaaJaaLa *t (nil ■> fllv I rffnl iprlaitp (aria ykaia i lapnnaa .iaada^m ud Ii 4. -Vr : 

T H^npi l.wh Civ Ef-iiHnp itAvfrr £tirr*jmJWr*d l-pvATeFlLCmTin^ nrf 
B * 1 * |"W O' 4 "■N u| i , .l £*■* |»'''lrwip«pH. 

: : IPr a|al ta a' nfTa rk a i>n Im . nal I kr |a J i b "fl r ini mriha | lanrj |i pi I l|aaaa^ 
In aapiKF lailna^iataf anlpiiaaiir itr wiifwpal ir»iLrii ilrifpi arl HhbAii laai n 

»!■! ".'"flal iMh 


FREPAFIEDHESi& AND EHHPNCIMG> COWNUfJITY AESILEMC-E 
FEHA verb k pnnlr ir wparji >M rT iri|riii 7 p’lni r|Vrr , T»r p m'f »4fl 
l^iTnipl »4 kit *-•!?-• M ■ nrriTy n frrcTml nr m bnii li-rl^pird in f¥i*»nlj' Tift 
M •!' Ail hpJ I.SS.'YZH. FEMA iJnr'cr* ‘ 1 ^ towfr aid t- dc»f kv r iTra. • ■ p frpfc *ipI 

bril f fcu-i foro^^BtKn iK<ihr 9 lcrvic. Ii irtkl'm TC:gre*idr Hn»'i 1 ft* ibr 

•►"d-FV’l-ril r^TIK *0-™iSruiPlT "P.l ITITPrI rrpniiJp.ia |mpi^ ijrrjfc-p sal 
■H 4ffi i a 1 . r I italE-of-fo- irt rkif?i rad r '*nn , i' 'P'i ppa-i**- '-. ran irildiFir 'iiif; 
n^rna|i »t- HgiTr«l fri '■*.■ ira »i a tr-» . n. i »4 r»p i ip--* '. at. 'ir-r « |pJik OTtKar'^i 
nixnltn<^ibli ari nuIrppp'jmlTpf.piili ud la a r yTi * rvr aprrrwali wiki 

■Ppk - IR^-Cl Ajf'P FTI. 1 1 *t- 1 1 1 r .1 1 a m iir.-rivln, aa I |i-» jr mill «' J ■ |^. a|pj 


.h 


25 
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urrf -TJi ■ rrlpj 1 1 |i»jxu3 -ii I’XKrpTKT k^:-h*l UrI pnpndbB ■ kitlk i ikr 

l-HMA PrrprctkxH Dtvuhi 

FEDERAL HIGHWAY ADMIMSTRATIDM 
UMDERSTANDIMG. PREDCTiMG AMD PWE&ASmG 

J* »isNV»iI ""pi'i 1 f 1 hr pii !«i Sfcr-n Apt "f 

l a l i i A y iilr^nlrilrf^ nkrl t*? ■^rifr nlnnln n -"rib ■ »■* »n4™,i»in •*.» 
r jl — lr.™r— ■ t’M TiWiliifliMl A i ■■! vOiri !p*t femi 

nilrsircin^ w i j S m pt J fcp *lr Anjodjmnafr I bVip»"tt Ich ;■ :■■>» nipt® I'm 
linlri ■!« Ii’i Ini* Inw Ifc* wiiJiiiBhpi-n til |I Uaih iiy- | ibi Miialant 
|i'wl*PT WrMhptSflitHH ln»r bwn iVr+.iroJ mi umr irflbra iibp.* *j« 

nipflliVi •n V j1-wi i.rl H^irii mkni i - I j 1 1 4 i r. 

A&SESSiNG IMPACTS 

FHTAip i» »*r inrwin* rf ■ ^ p. ImT^tpA '■*^" 71 “ wi lFk 

F^rfmirm mrJ hHi mI •■•pVt*. r*-pmilr knir«i»ui budget uJmIWt ! *-i 

-ina iii-i TV wpvrfn .VrmJ]rmirv UtatfM?r hu Iwn dr pii"irr Ip.^iU ip die ITJS 

Cw-wii^rliifHTMdrLWir ■pwmucrf flfrer* hvbfr ^r>WF m pH r**n*rr* rfnnln! 

llnalii-^ n-irrrir-p Til a.i-*l M*l? I lal^T IV_ ■.. IIH\ aa- Ju> pj-ihii-iiil al |iip.iL- jiI 

pWr y^rtfran ii ■ ’^ra-Wipd IV rm^ wryly m iwJIrr FHWA ihff TW 

FH*A UVi(Wf It* I a-r p. ■ i-|r»7 II ilri-iVppj |r*-ii| nJnu nj ln|| |aiB rrliiri. b-jr I ■ -’ii- 
|SR3P >1® l*l*» P*C*I IT H" l«*lld.lJlllljAll> fel -M I H" " I «li«|il""l rf 
a.(ai Ji«a>ip- ir^i»-ljiB T*.- ,4r (-aKr ■i.n iw I .alai-yl ia-j ah. i |a-ili ann Ii4l i ■ iL 

nnpmmh w l^j^r^rr iLwrtm*, n mfuAH'^ih «tpJ nnwnnb. bpn bcflri 

UBiriUaa Ii ® if ft r ir|ii I Vpf a mh ■|a> bi BalihiiBi( iia Tar- |B-ifiaiara r 

RECUulh^ INPACT& 

TW FH® "rod rr K.WT h 5 rr-isnm hn bcci nrrbnpg i-r^nsd nrnxr® Ac irpir^-sl 
■ic ‘•Tsdc*?.' n n '.*i I pip ■- »r lincfaxrp. Nr» •JrMf’ii W ben MPbrrd n fcr wid tavnd 
i* emu it ird pcribrnmcc.-pAir imfi> kmrbm d'lliid nJ npk ip.im\I in 
rtnxkuni -rift radpivibiiH Sanrihi&n ir^r ben nMrr! to Ttnfcrl braelnrat; tori 
mi cr* irPKtori Is crtdibilr v-nd ixrtnnaKt-dwrprlrrn-n Ii MEfebMfi rfl'orli bmc 
been npJe IN' imnrrto iLrvrajral Ird lb ir'»ii«ipa nd b* nfinpwdi rrniicmr^ 
nilnvKmilMi nst* n«'i fr» rT»rrim )>jR^kin irr briH-vv^Ffd iPKlipre '■■*l 
ndurrdrdahm rfnHn ni lam 41111 !;ipJp;K 1 Ti».«^i I iai 1 1 r-» ^ ■ fc---* « Fi-rvi rh H«bpJ 1 
iITRB’i Nybul '"c^Kraip-r RriwcJi Pi' - Tp an QCM^liifHlOjiikWi 

I'm- »-t>J fhlr»J rtif^i «?i r^jpwii -ilrjpi«T»-F hv^-ipkb hiirmr!-. rfc,’> Fr-r 

bc-rn pemdadh n*J*lrd ^ ■■IeihI EiFirrbj'« me n-rriViiH-ii runerHr -naili- fcrdic- 

■tiinriMiil rb-iign d'kif tj'"- ‘’irlp-K Hr- FHT 1 , «ird R«niN Irir pn! 

nEshrl ■ mil n’.'F’-l ?s 1 ipvibrm ,r T h*J r its ib Ax k'Pf t*ni bn-Jjn 

EJinVii m- jbpirdb? pJdmi pn-ri i»f ml id crldiilp Ax *a« dl I * ■■’ f*. *r>J 

PftEM AHEDSE Sfl A¥£i EKHW4 lilhfi uOHNLni Tt REBHJBiCf 
TW fWA >ikJ rr hutt K j-ref.! ■ 1 1 l«i liicnprd n» pn-ni- imr • rj ■ a r a, j r-rl mmni 
§:■ ir>inn Lt - p imfAj-is jktm* Ic- uri lout -si' sU ponrrfi Ip-nlirr 'Ji McIxxl Vipn. . J , 
ri-^-kii'iiiiniK'i nrd pjikI ha rare inir bet riiA-icil b rhe Umhuj-h ■ hi ii u di# 
piJira I aerkj. k»k mnen km bni pnaRriii sdnkd enmdir ■ 
rn^rrjiptt eh. ten thin m d^RnipidLiir mifciri h&rr InddK-offcranjr 
FT riem mcErh n ni .V nihiaiin Ldn«rp-m i, !wn ih: 1 jt h»r Ii rt" iW Bi mi n i « i 


* 
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Ivtcmlfi 1'i^pii ink h hcfu al iniiihit|[iura.K n pmu oi * ejrpi it WikI 
Ij^T-riri^. FHA hii p fit ri- d -±nr< -m Hina wfJ ir-tra r-fc ■« Is-fpi ir-.fTKpt c-t 
i i^win. it+imj rip FT*, renra . :■ t-lr E-tlkidi, rod Ur pi retd pjbfc-r rfaa ■■ ipsj ihJ 
I'j-ihipn rjl'nr rmn^buni jrr |TTi«rir-j 11 i yjiki* ec htpxi h-Mi*; PfraUscH. 

H iiidiL, imr-ruj [itaio mi ■ri , rrjv^dl :-:-:ikR r.-i i H+fl A jJir--:iM^h n 
.+- r.;|- p-n^ pcikrpT ■xiITr inhig > 1 i fn ;■ harry nJ infix rMi^inr n iTprrf 
nc+i irs i uhi n'xiu. n brminid fftdh iis%i rn^H-ira Dpolnni 

rnFri m r«f v? rui in ■ ulmir*rnrr jidhin jrd-nraJtair rii'kirn ucrffci) niup^Kii 

■ •rib pii'F iknip ii= ilHc »f even. iUtiefuff v in h ■ tJi i-uir ldfkv«r l^it-thi 
n irvin-ir phnnj ni pniHiH - fc* id hicirrb 

NATIONAL AERQF4AJJTIC5 AND SPACE ADMINISTRATION 

LmDrnSiTAKDiMG, PHrncTWG Am r-n^rcftntisG 

i LLitn' I'd unJfi uhltfi l, Ii'biif Lbr ikirr- FU^lky ulr’Lh l I-ti’i j, 

•jp«. all Jji j., ai | u ■ I nf Ha I lul I ■ I hirfi aq : - i,ilrBi Tla- KHS inUiiriia jur.ii 

LiLjjr pk-lul ■'tar.i'.jlian i'll alia if i LrZa' , L ail i al -1C u llial rjtai i^lrll lla 

■ ia lahiaalrilarfiafe.iih ii A In ■■| B iWirini n i Lr ilaakifiii 1 1 ■ |TinJin ■■■! 

I In V.t r4 £r lai£. Il.il> ip'ah ibL Am pllnla'i l.u_iii'kiu Likli laaldai n V.UA ul ilkh 

■ Jrv iValaan. a.Lra aiuiiiilr-l aihi i^ulnul i i.ik- k. uu aalk la^ili^r lla' 

liaVi'dU da a I faV A laid nl iLrUr dia'i i a. I'nl iVr ■JiUidral.i ■ al livk ifflUl Jnl aipnlaa.r 
NASUl diiaih ■ L ai I j- udli KDAA aial R-dl III UariJiai lla u la -L a naibira aid 
i^utWai aib i lla ib. kl |iba fif i^B lak-iail d.iJlLrt UUUka IVr-, i a a I HC4, NASA aa 

akn ik-.-kq.aa,; ia-d. !.- . ! i a .k rjaa a ail aakiBiriil, ii.laaLa*; iju.i |'i iMf-C.il ii i naLu 

ali Diqlpk-I Yilal Iji 1»: llu-ti ij 3 al l a i J> t>. d M .al iilAciLUaki^, dial .'djpdZjdf C 
|i'r.'a I lla ur iml. Ii a l/a’i. n, NAU ■ iVi i I j-ar,; ■ I .mb' n I | >J iJ iaiak h llaal I’Jai I ■ 
lu i5 Li d-JlW pi'i-ia laii ahil- laadr aa ibLUbbi i^Ui'JIM, |1 WjL, al-3i lanaL II (hr 

ilr n.1 q°i an 1 9 H ia'a I dr i Jnr !.uf.ir>.b 1 1 l i ib ij la di u^-ada dhlll In I'm' La all I'daa-La %; 
ahl|ihik.~jv.i-.l jjaL-j^iirf. aV L a L ry. ifim'.r haul hla' -(. iri |i I- . I Ai iniudi ‘iwiK 
L.UniM iial lla- llk'Jul 7ir ^iij-a.L ii.la.iaai isIASA |vitia'iu fly fda^ ?i .k ib 
SaTdAilrJI Mqr. Ca I a. id*. l‘-a'-2K n - ■ iHiZi -faL.-n Adi NDA.l, C-aVdk.dk tm. fA-lr ■Idl ■! I 
| n> r . u- 1 iJiia-r.'a ^. Ihib i'BL hi i larr^Jk U di^HTdal tYaddU a Lai k'l iliaii ll a iliaX 
r llbi' Id. r |T.bJiJ e Jlu Tmi^ aTrihia 

ABBE5-S4M& IWFACTO 

N.iii'. bid ■! fJ Ptgp gi^ :i« n pyiJfim HJ»di ■ uni '■«rp'n.‘> f- r» * f>t 

iF-r fi rpj ir‘ q '■ hvird •■>-*■ Urr ■■ pwr' ■- 1 Lsir -rrubTr?™ it tllrrird iim. Tie 

b* !»:*»?*■ ran rfk™ nq"d n'iH">-ai nf llw Uprbt^l cr«fT.anFiii. hr«- 

ihr p.ncr»l h be tw-J ibi iJntif MrJ rkrknnril pf mU4r nrira.ten w Ik nets 

br^fla Bi^na b-il rr^-rirs ll+V-r nfpq-a- pr"tpl a%V "rl^lT-r 1 ■ |l ran "1 *f rgn la- rji|Airr^ 

I^Ur*cniur Urpalmn nrrl n"p3dP>k? «*f r^iw®r rfiml bj rrcft-sHi 
^riJurbm-H'lN^iip n-J rprm , rp r,,r r ■ udilmi. Ftmnfik. ■* 

wcfcrtffr prKHPrb |prqpm ^ .Vi'-'u Mj. , V! i i.ihr I IS. -Gcckiffgl ii-enTf Us U &. 

i^JPir*! OpV.'l"rFv|igiHeri a^.rqjunijllr IW-I tiimIm palanar liu-i iiU|-^ai E 
pykmn m -a»ri|r ccwl I Is r rdjrT rr^Hkw ifferlal br-TIramnr K*n» 


I? 
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LIMITED STATES SRMY CORPS OF ENGINEERS 

usncna-rAhprKG. PRFn^PMr? pnsrteiHTihci 

ruling I tma ar Kalnii, I ■ fc I J V JH ibiIii >il hi | an. ■ ip ■ miiAiu irbkir In I r 
p|h i li nl UiaJ« aial ili L t Li ■aLilaibadal ■ ma la k-.i lijnl bAi Mur %-iuJ 

■ (Arjilaai Uiakra 


EDUCING IMPACTS 

||.ptrar»<|p Miair^ip^ jJ I . a glr a r.; H a t nraj a fej. • 1 A a | a-Jr-rf P-ra 4J a £ pal fo'iklf 

■t|QLUl4Jhc'n b-*lilr ijV!bna«l^| B*Jdjl r?Trn.f 1 TFNl^ r*d in l»Hilr-TnK 

Krirairh |iBrfauh a4A r uu a j ** a laia *■ an ir a b-il h i •wwi\ fcavr kwr fa f lOffBiJ fw JI 

ikrr Kr"irr? 

USAGE Ipk Jn^fcjpfcl prBnrtmJ njfJSTFimij p^Eri hfJ 'If 

■ i a|B I'apm Hnran k aial | Vc.r k^airi J fViJri Ih in rail-, ■ laaba Ln.l irnili ai ■■ ai 
rf ■■■■• KWP lf'.|ppq"n aril Hlrifi™ lia ri.i ■ iliarh l£ IniCSI-fr IT^nr 

>l» — 1»" M or«iMii"^W fTjp™*- 

A&EES5JWIWFACT15 

1-ilna.aq; I kinaiaipr A|«±rwn I^LdPT l-MCE p p frr j ^ lT A II B MVWWP*|i*|ur rttrtl 
ffefcrl h itr.^ 7 - a| | |-j*-ik-a.l FWt Rarw wwi tprwJ in pt«i& "flhil itoi 

TUr 0.»in H-mrFm Hn™. h*i"l Drirk|fiKTli Cnfti 0EJLIX3 |»“* ■ ■■ -m.-lkiri 

I 1 :"; fnJcwlr c*--ipnd «pJ kvml !■■ Vb«|i i* irf ftr Br-naa. HihbiI finkjctni rn^mi- 

*! ■* irn,'b"J rauaHiip aaai-u- II I ■ ■ ■ b- al iiiL aial |*iJnlJr biiJ l if. a-i * la 

P'.T*?.+rd i xh j nrtqpJr Lbr cii^rq ktptvc &&cm B-hh^Lpildip The 

Libi a .-il n :7111a il ai ll r ■u-rmr |Jir£ ■■■ i a i Ir r.najjn! fia a a«-a -hia£ In apil |nrf»ai 

\|mp Min UMCE m iIh' mpmlmMii rrerisd br 

-viaJ ihiiaii ai il fhr aiua uL-il |aa 

PREPAREDNESS Ate\ ENHANCING REfllUBMSC 

E |KiiE|nirn 11 rE^pnlrr mnnsi mlc imhpfKTn Bid nuura n B-nw 
P'.lP'pn rrniriBfs-rrrinjCTKf mpriH 1 nutRi 


& 
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APPENDIX E: LIST OF ACRONYMS / 
DEFINITIONS 


AASICTG- 

Mwir- 

AST. 

ASOG 

AJ 5 TM 

map 

pan 

i ■.>: :r- 
rar>” 

PA. A 
rnuA 
pi-nrA 
MA/'J Vi Ml I 
I l-'QINU 
inn- 

i:'l 15 

tnc 

hat 

NAM 
nu it r 
NIT .<l 
NIST 
NOAA 
N 5 J 1 

asrrr 

LBACD 


^■b-ib afa A 8 u a uIlh id! 5Ulr i-I^Aar aai!lTi4iA|BMl-lBiB '.VJ.iJi 

Aiaa-iBBa AIubbIbbi id 5 *3.". . jI I' rm 

ham ■■ ■■ SilL-dR at Tj- J Ik^riKi 

'. iknnlnl tiafa.i '.Inriri^r^ilni 

A-l ■ ■'■ d ■ aa b-IV nv T'rlla’f dial hLildrtdJj 

Nra- I j Iji ail '.tun at f/uMUr VrnTurL 

I a rr r T ul r.'r vliia-iVi ■ Piii|.iaii 
lAva^ia-al ■■ T Dr ti v 
Hull. l^u-iYa^S^"' 

iBjun' Rmii'h a dal IV i rLjuril failri 
hi-L ul .'l- lilari . >jiil ■duKdliBi 
li-Li.il l’i ■ i|.tiu r Uaifljn id .'iji ■ ■ 

Ki-Li.il | l^l-Lai' Ail'd ■ I ail'd I a a ■ 

KAZ1I5i VbuareA^Ml I L*»^l« 

I I n'lVd i n "A 

Fa I'Mfirvil III MiuaBjLdinl I 'itdii I A-E r L ij'b m* iJ 
laUdidr lii* llaLiaiil dial I k-da SUdl? 

I a k ■ i u I ibuJ fiUt b. m 

H d ^.iliii -i L j- Bid Bid'll IBM 

VaLaiial Ai Mf d I ha l dial Zfim r Aikia laalUa.ia 
VdLaaiil LSGpdnUTr I I f ,1 iYd f F.i UJI.I'i 7l.-£i*ii 
Silaiiil Fair I'i ki'laai AmI.Vu^ii 
S iilaaUl 1 1 All* mI Sd uLihl L ii ■! Vi i I a ai a>T 
~ulaaul Fki au ai.il AMVitfiV ia Ada i a ■ II frtC-t ■ 

N d la a ail V'ai;i Kl-La a id I a a i 
'"cJb-i uf !i-a bd iaa I TV.IarjL^i f.l.-, 
ia-,3 5uu-d .IiHiY ■! jiZJJLCi I j^rnij 


& 
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Attachment 2 





56 


ft imhDnrm lni|i:nl H-. iIijlI phi Pr^mm 
Hi. nm.il Pfrngrtii Rffwirl iw Ti^fM » we Stf(P5-2iB*. 


L k.k £ r- m i hi 

lb* Ntateiil wwn«™ L*tp*;i fcy Frtfl* Urn 

Ir WiiCh-Mnri h^p.! Sjrikrliw Wl of 2DW. -,\s mpretfiL Ur kyn-MlKn. 

ri iriplancilrtiui H*' 1 v-n ilndifd K Ur likip*rii.^ U-Vd n j Qrrif^WQj Ife r fmviW 
|bi J fi.v l'n (MbcfiiiiBc vcikid<. Ike l.-^iJi-r Jp-j Lilh I'T ■ I'nmi itf-ril LeC-nvw 
Ihia ■ ne r j la ite hiemil repe-n £x tib.il vein Hit? 1 and ZXi- 

1, Hr hlgVlflmiiT id Vt iial ll*J**4i 

Ibr IMS blafKEK Rw.q - Ibr fl*A-Anil.p irtl-.i. InAjft ■ p i ■ * A ■- r si ■-(-■•m *F'j*fciuid 
JpIiil^u WBiy ! ■■ee--.Bk- imi%.v I' ■' n i*rJ a*.| "dn nw inw>> Jjk*' Hi in a. jn.-. 
haisru Kmil Vi ibna-J.-nur-r *ed n drinxs inktn fam ■.-■>■ I h Ihe-e everts cm he. Mi 
ai In -a 1« uci ji.'fcri! ikcrTcd The vt-jhii-c .4 «imJ i* i ri s^~ k> ik b-jih -.tm r--nih.ii hr 
Mid kuinli liave >.-.i i ueruin^ i-v-.r li_ pu 4o.uk. <ia 'Abes le-r ■ifUihu x- 

1mm rt^i|j|Hinn ifc.ww-i lirrih.- fnfci *■ hfifnc-ia-pmu r^ ,Cn Th-i- 

lr.r.M"t u^rfv nt| L ifa .|«N ptMfll p^ji V k^ Off lV u«iW"'*c *T wUhti 

'■-.L.'idnp ».-. ■ r-.i»r rcHr-kil bj- JCAMX. « rJ-l.vn- . jr-iJ iln>t '“-j-ihr-i- rl she M+J 
lilkiri inuud I mo n X4M. I'knli itwviilenil W3 biJhia r i ri r.- t-.-J Iwg hr 
*w iamv t mtf ■ t'. knrhrjm.-xiua ikai vest he H.Vhi:« icaon inkenth uj: i>. ek‘iiik.iMi 

..irs.-il IVr hgfc Yilfar. -J cm ifcT^ J-lJ TV‘» bJ fcljg hr-i.jUv.ikl li-in.ijB.-. CUU 1 1 Ci ri ■>,! i -i I I fa 
I 'faUJ :iHr. k VrJ I fa l|dl*A«| iL.ligy .1 Jri.l falli-Ti fm Y+PF 

'(Jlb-'iith Lmn hit iiKiea-cd u*-or Ike li-l -J.vice. nf p&rncrta ii Imsb. 

Itrprdirr sk! inlplkn have npifivarili cduvrt Lv- nsrlvi ■il l. c- kr-l ini; Ike laM 
■jert urv Lklr-re llirreaae :■■. anra. ike iimn xwraicd .-J-- ■>.« iEC'irtla ari UW uni mo per 
■ i.if N-j-jijJ iidncnNlJ 1 . ^L^.m rab.j---. ib_n dm-Miiflu; v-Jij.-fiJj-.-ir- ii-.-khl j. i k-.-j. -j| 
kvAririMkHUi'nvrie <uib n ji bitted ji^el-.-il n%k i r. ■ ■ ■ r.md triJH ' 

t. (MjrrVr* 

KjHie dour ILV-Jitfl I 4k II. Ur SaJpnJI Wmb la m jrpjel Heek%.lhn .\st ci ^>K4v vlkh 
hu -jfih.il nu la a b*. Ne-ifasi Ikiih -la 'itsifaT IJ-. JH-i - h inerakd *• neasiraM'. reJLh.e 

JK klAl i'J' I £ xlJ JW-IAvTTi In'dTj i'i 1 B i>J 1 41 Ta Tfa LVJ iUj-Ju 

ft i N li.iSru.ii Oro^A > 4 FnbhaJ m &vptra\i+ ■ uH t 4 k# 
k^dl ^Jlbr^SW^l'. -l/i 1-i.n l-l -W%l ifejiwft iVf l-T«kT?ri ,, *A»V#' 

n«An.a.vj ltsJ ibcT injifXVJ liru' end e r-j ■’ s n^treni.ii-'r-V Kii-^Vvm 
MiKfiVifi mnrn imduB ilKCa- i.i.ru.ii 
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■ -i .V.ibLl;.’-. |->vl 1 » l-,- ’’ “'I A 

ar>TVvrwv~™ ixjtow Nnkak^fl ndn mi VLVkvnS m3 pracfi itj fiw drwpgn uni 

u«rn vltm ^'AuiVliTftJ. btttvt'ltcj m.1 IftliTVi 

■ . n . , l 'ib i - .1 .si i - ,1 -.-* 1 . 1 1’ iisr- 1 ' »■ “.-■■. ■ ■■ I ■«= -■•• •• ■*£ ■>■*■» fi ■ 

fl hwpfa ric nimcn h;^v^^>iJnipaW^j vf\hr l'cb^? , y“inh^ , n« i>W 
i^t 1 ■•jm.i w kxi'a&^jr. ik-VLlvr? mil^hn 
a .'i.iLi vliJ -A . ,.lI lia«r^eWHV 4*-i .1 . Vl 5 • M sA.L' . 

ir^i* r' WMffl fiiJhAScwrf WfflAaroU u+tri+ip 

in^nt Lfi hiiUrKi. ^*rAvri. iru iiU wi 

a Ftdf r.k' F.*rr^ v rfiuY Mh» rtn gl c yw i qfni* 

MT wJl .^rte tftp n.v ai.i^L.^ toA^nri.. ■.i^SlY*^h*WwJ*h*( 
rtVi!icfl^-aWa^>aJi. i pi*W* - LwOrrshA nr*iiTS riO* i irfcf i »\i i i wtfnrt «'»■■ ■»■■ 

cVti rypltan wunnn ffattUnf ■ *iVi ih- Um.i « taA'-Aaia '-I' -Vf-pakA. 

£'. Hi imnipbci ¥i l«Luie tirwjp jud £ mitIIhj ilnf \ *u i r.u - 

Iht 'A'MirJrm Ii^jm ha 4TMKI ft# PVKWrflfe Pff lli JH't CNTlM *f 

** Wi*<- fi*J Mfcg l# ' 1 1 V*J; |g Grrk ji A fliqi ■.¥' 

OfSEr. .VJ.57. mf C^W,* (.■»■■ 1 1 Kyralri in Pic 

iTfevvfii-wj 11 'lvA.tv; CLo^p hiL? h rtjp.mu^}f/irfhr ^xw.u(. iwiajiuanret m-fil-sgcnirari-LV 

■sri iix i i 'rt3j? nan iCiWnjt i a wd^ciaardi^aKn ‘ 

11,. ImiUvJh'. W jrLii^-IVrjfi um lurmud jiU' iK. iLIii . r. ,,f ihri ’vVi'IKI' 
hH*pwa*iksi r*'^‘ , C-:r^M>ta April JfH& h «**«■ .;/r+ff*^riiM*.^nr-:riritw 
•Kirii>^<-pl ■! riWl-aL t# fttpviitvfK H’TiJiPi^n Ftfrf A IBjJVJ-a;. 

ChTft-HrVi ai-J iKc Dcf i'fciKTl '.'itUmif ul 1 iki Ift’-ckfiKi^ lie FWIIA in "he 
i »\ t rri nicrli *ac-j in Ik- . '.-.I 'Jcl ■.-• xi n Nd a •?.' Lhb rcp-jrl 

D Ik, laivr^-fiUik sJ *• jt-Tiv", i< 1 1 v-J i jh 7, 1 1 h Ml i >1 lii| u .c I-.mIli il,-ii ElbiK rlln i ■ 

Mb. fi-JL-rAiai: {^fB.iai.laLdi ■ • riiiiBUil i. iIbs irfifl n am'iLai, .>.iri itw , Jip, ,i ■=.>>, if ika 
SbIpjtijI Wiabkrin knk,iHV \iL 

Xi-'r- N't 1 hx-k munrek -n Iht '\Ttsimi iriJ c lk-.li cHI itj*! nJini livi' J*- Tkb 

isiLX-.il i k: kkJ-si auihi 1 4 lit uiinrjl xi J ■ j-c-. J inKim -jI I ixikmi: h. i t-1 ■ •ini.4x Ijb. 
muta jri-.-wiiJ.- a hi ifcau l 1 1 l-st- ■ ji il>. bufi anwimin lnqak.anB^ -JlJi. • ilIh^l 
dfiulrfrneni ,,f gxaid|>ud xtbI riii i.ii.ii -. i. i .■•-j.>..-i iri .xiil n Juai| ir<|--A.:i fix ill n p*i jT 

»iw) ni* nNrii«ri> I.hir4l^- ir4. r^*H -FpJ ■-*- i* !■ niid k»*Jr- ■■ pJ m| ■•■■M - - Tri 

k r. - -T>1 ■ PI I P."1 UtJ i-*inPn|l) 11^x1 HC dfe*.' I iWf. • J ^ E*.-l ■ ■- c- Ijp'ihT 
Ji •.'b.m.lbi- rl MSF ■ 1,1 M cil>- ivinml 1 ■■ ncFiTC-iiOB iiiprrfjw k wriJ ertii* n 
jicc: ir> Jli ckp rilTf-suvc nriHi.’ii Ir-r lifw-i* ni -.'ntuiuiP rhiiioKc j.>J luiuti aaliinm 

Yi nhn Ml-U i ru-akn ■-! uiLnur^kaj:: ivs ^■■.r.'-ansvs [ti-h.i in i LiviinimniJ 

<4riviMM^L-nd krtw*}4Mh¥ oTtriMit’kw mJ- 

WniJ Ik wrtE '.'f ! kr ii’ariV -pi> a>>iitnAl |Wtn4KfB Ital WJiAjl TW i »*r» VO KeWt <i riePJ f#J -■ pJ 
ficnlki Jk Ip ri> Crilci •J^iiirhTi r i'J *.iTct1 ■.« Ibca wil p i « ^ 1 1 ■ Tlrw ■ r*. h>J^ e^+.t ri i ■ JV 
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4nriif^ri|j! uihli aiud h unuJi.i huncjuu.-., aid umuij ibu’iliuiTM T1 k llirr * jil 
H.-ij-.Ii Ijhl-lhdl ■ 4 MK 1 ,^ V.i-rt n 1 T 1 W>A Vi N.JIJCJl I klTO-UV ■! ' . I f a. T hi llipr-itf Ahli 
r.-rn-r.--. [Vf -rivafflr. ifcn-i^i Ail ib -■ laai ilU U ia.1 pniuMm |TibI*.I-. TIb V*IbbIAI 
fowl i ’ i J ■ 1. 1-. i -y xi i - i i.'^lnn hixlklkip t%T#n H ipvrvVt InCiUI fif 

MnaJs-. Jirrm nd *. | J Aijn| and nipu^-ir.: u ipJ - - *n i c-nc ifiipJvnk'm- -is [«) mT I bc 
/ ! k> rt- -:i Jn g U' n|TC' sJ [mlulm jiwk «• ikI nK^utvicrii mr rci^m£ LH-J-rr-ljriJiij 
■a I ihf piscd^i r-riOu-.- r«; ui.fi mreJa ■■ iiisiy-*. liL u l>. iiJ^iviikIlii -il i t ■: imiff (ap.. 

-JIYajlt ml JiJ-iIri I, ■! UXlri ■ U *kl uVfOlu 

>TET‘ SFST Irt* p m 4 dtali'-r h'Jn;. pi ftVillftg fh m *4 llr I'M Miff IBM 
ppj ids IKT* uTtirr |apUn£ unJ fra yJvij, ! I ■ ■ "J E-b |K l^iUry ircd Hie 

froci-*.+1 E jlnmk>-i i III- Hi l IM k L r- j mliLvi K^ax-c-jfincliki. n«Jch rpJ kip*v-kdjc iW 
^n-Jhinp.fK vTuiri ->l ttwiaid ImnialcaJ nJ irjr-ir j hvsdft. mivMiip -ihii rrpjLi nJ 
le^ii^ u fv.Tui* lidini ■■ LTnnunui im£ paHk* nikarv \I!*T i iuumi it 

tk. aj-j .J Aiai '.lUiLinii in hrariL'jJh him iu-il.TJ « I ; u liuk tu Lr.--\*.Lil>. c_.-l.il w 

bpn m*i pv^WaHWl pnfl ton rouilfeg. in “ftr-md r*ct+*:o:flM*nwwi*-nd ill 

*:■ frvtfef tfT4fiN>14«ll tM ifw ilh-fp^ Ii^lp.ii ™ *pj tWMlpfeti if tafM# &j*Y> ** ipJ 

>. L J.ViV Viihi H-.JiVs X /J i- > ■ 3 1 1 rlK|ja.s./ Iinn4i Hdicltn h*npmai I c .4 n I a i s c adhml' . 
Hk 1 Ijilifiiu' ILifsida Ht-dccr -ai .1*1 ul I'/T?. d ancuki. il n nuipufiJ n He-.ur-ri 2 
Kitdiii i ha i £ a*f iq j A.-.' cmejii-n u.Mik '1 fiundc .■■jljkr.4 Whtiv w nui^pic -iltr i_rjr.il 
l*-jLTih, I I. IbI ir. ; U ial-1 1F1I l ■ B I % |l akl lur., IJakf ilJ id Efc •Yin ■ J til* Hi4i_H T AufTml 

DtaM m Rphr^fpJE Hna w w Aft m mteL 

Ili-XtH PmcipM ‘J'Vktl prwidll iPifttflirff MIWMAttL pAriw*. Il4 Wflft -aid |*0ri 
|[*tirmib in krmt»c4rc3laKil aici? >V lie ■.•aiPi y 

f JVlUI. Lht naua* -x5 Ike AY 1 i >.■ :jl% ii«L-n-\-i‘iir. jftiui'-r ii 14-dfccirvd^ 

iul i 1 ! iici lUbTil and lunruili Iwjidk u-iHuai^; a. hi ilv hr^ud xa udl m nhii hi^TAa^ 
sJfUBJlPf lYbi I'J -£v i +1r.U'.i.-. . I lla. IL'll'^r i"Ti ^ T ii I .'•T.iA i.'.i I ri In aNK llul ilr^TAd|. 
flrafflMP-l.-H-JLtle 4 h^i lr I rl 4 «Tj.' uiunj# Jl| u.fakl Urt+.V.a;. ppfflfd 

■l«*ll n 1 ' 1 - P-k ■ Ntt hr- cl niJcr ipnral ■.•ip>li-"i- aid ikil 7 ir*iJe wfc-.ilic-J lc*-ch uf 

?chifiH|i ■■‘l-cr ■uHc-J^ii I" ralaul uliianradc Ill-biiS !e% franc -TT-criah 

t_ AphlbT I ib.ii- ■ i r ihr •> v, iui 1 lupd.iiLnulkia pLin 

aj r-i i i~b. 1 1 1 ■ nj-Ji. r ja i - f.- t iai i 'nil* u, ih \ ns iroi ti in^b m inf jo. Ki j b . i ibi ■_! ..r 

SHOW. Il* hKupre.!- EL'wkiri *v- i>!J‘'kJh , *i il i*«J jpJ ■ L. 1 1 ■ ii-rd Ih* 'A’il^Jicir 

k-.-iJ i in I ■ c? ki r I a ' m i fin 1 tn U* SilP9*d W-*ipjv|-»Tii lipr*< I PjcAe.Ipci Pcpm 
CS A |9tf>!n 2A.S. 11 c S' 'AH HP rapicrenldimpbii f i i: n ■' .^i lie h »-4 ■■ spJ huanl 

Fiiiirdi iiij itu kiLw-na hpx na^aihcnc v. iti rjfc-lkdmi 
I C rikNiidii,, pTbi-lbiii^ nl lirci.iAiiaii. 

a FiNpfi pi E ti-T.i.-.ip- hr*in*n:fi-frpJ i.Lai on w*m *ii#« 

¥ liPii'T-cit lacal hlu a’ -d r *hl> S i ilan r-'crl^ 

v, I riknlnJpii aid (iHliri-ni ■■* riJ l>iii[ 

4 ■ n4r>Jindinp if* >.t-.x pii'i dfv nJ hand r*ft. 
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i Xl^iiiif und huulti 

I -V.-i.rvri.: ■uib I-. 

J 1 1 1. 1 V~I |:-il ■ I>‘ M hkl r^saiMVri nf hm I Jl ■(.!.. -111 « ■ ll.nllB.'3b- 

b Ifcnd'iiPt tifirwri ltd* fa vUipMarik ir# *liK.ljrr-ln-cl ahiiilMi i*0 
r&rrcik'd ii4diai J-nraJ cftab- 
v DcvdifUK trpvr-aJ Im4b Irr |«e l»shcciJ df iml h-jra-l- 
4 . k*<u-l-lip, -j'vl 3l n-J^lil 
1. EEadua ■+; nfi.B.1-. 

n '.-.M.-I.-Jlp.. Akl ■.■-Iriribki.'.dliarj'nl 

1 r>>dopi*£ n , + , h p -iii.k.hq4 inrf rcftirfli 

u. DuiMPl’diim nip.il ml 1 ■ ■ ii t -a pJ '.■JLi c i.+i >m itfrui-cJ ‘.■■in- ipdipiUiy 
nuiiclnn 

J UikIikl ■'■ r-.nrfin.rv; 

•c InhirxiL'd uin^jpu 

I I jubJ "j-t mcikarii ml ba«j tUi^TYc ^nanunin 
* TPtf+PnJ** mt Ki •* t < m Hrt.liv.iue 

1 fi« Cm pi- w 1 ! • prtf4K4 r.;. Ai*d tj.v.k 

1 E-13 >aid iicdb 

v >.kTKTii pi'al l jy r-.-n.T- End itmKb 
i I ‘.a.-jjif-r. aLaiiJLj 

< I Bhjr&Eii JjAskT-r\acLn.'h -jI KiJiiic a »ir.-! irJ aitfini 

T i Bi I J ■ lg>j1X3U. rial pfV.JJj [Uni#^^ 

l r ■■■ki.iii'i: Hpw iEHBlW 

I Ik- pn.vrr- ii c».ii wj-hfln:. if arr id n in^jprdt ■i*-rJm ad 1 a^j-K-y a mm#«. i> 
r 1 l ■ ui k-J ii liraic^ klIkii 

W ihida. I. u irf-iivh ik«u iSt MU'IET trfiiiuiiiiKii [<ii iknilU c 1 s*i 1 li^h prurm 
i.-c jf.h i£fta in ta jiik-bv-i J hi ^r-i^rjBh' 

■ .\ocLBTfl udn kiusl x>i Li-reriLTdi- bjr-J-ii ■■ iss K-fv-iuJ ic- v>iiJ %-i\ni n.1uki| 

■'■j kk. rjJhi I Ci jb.i!-.s~-. mk pfc-^nvfl. r.sL r. mmilj-i.bi. r r -1. njaaidiwn. 

tr..r.lr l, r i^.^q.^.Mr p f OWWl Yf Wltefl* fa *1 M+Y*nLLf#p«nY P*P«ig 

>vbinil’4c blrip 

a I '.jJ.ji ii 1 ild rcifi.Hu: siNhc hjri ■rrirrnnrd cin -jl iJlij-.inj.iJ. .. ic-wlv<ivYi:nk 

hi lftUMl£.ifhf£ j-V-iJLfjrij, Li-b1 |- U JB all IJjk .L| i."b.Ri fi li.slCjl-.j- 

'■flbe (■jMiry-nii-ekvc' 

a V -.a . ■ -. r*.; n_ iiijoci -jI -aliJ jtiJ u nturu rkl-r.s i-r nird aiJ aaf u -j r iv. 

■ fc hii | Ihc lirri-ilinifertv-CCTi “ ipJ ml *4rm :np I" Ackunic Us -ivpvri on 
hji ckrx k-ETdiiii- n- mJ critical irJ runic nr* 

■- ftpftrog A* m«j>ffx%nd uidwinNiFiNiMiifl 4 ITmi cf w *>.k .« huadp^ 

(In* - j^*i ln(ii| bkI ii»4njmlaijiai 

■ Ihii rj.ii MdmkiJi. 1 . xi£ j 1 . 4 j'ii I .j its ni. iuj sjcj.II j- L n .J ■‘fdci bi.; bi gun 

U> l*iP«ilwljp ipd u-iijAii-fTP. j-J ihf- p-IM! « ifid:4liPV bilNP 

■Jw-it iKairn 


-I 
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■ Msrnriilftiri- ir*fMr*e hf hidpn- vhI fc i gl* iY MM I* Hi * • ‘■•ikl s*-e#K liitaJpy 

ild'lil- vc!».i.o li||i-. ni ftvh-ijnmlih kwfii|: ly >■■ rii cjCIictk- c mh 

d Thi . .-v ii ; aal r(ilaii.ipi>: L.iU B iir ; i v Ire u.|al neptr Jiv. i^iunuin N ixiteji 
■■,! « >^» ■! “n'-no 


II I'nifrais m 3 -lxml \ up >»?. Jirl j]**, 

V Krfieiibl Lifiih 

sirVrwhT FtapHtalkih 

SISK Pn,vif DurAm irwi'c inflhild f>.¥ rwHtb-n i l»?-#d mg? cftupiLi 

iJUi.-J i t- Si irjjid iiriiiEiiti, II -i pr-'iiaar- ny^ Iron Jra mktil'ei per-pTumii ita: aie 
.-9i.-.m-.d mih Til 1 -Jl-.- 1-.^.J ijfu- r-.lji.il ie- knmiH -jI tuakWA ill iIjiiJ-.t Oism ir- 
.iif ji-.liipl p i i -irarj Ir-caud .t rrfTffi a*.; i k ■. ft. rl iimira.* if acnk .1 eha a^am u ndludA m 
«;<|il u fJ.gJW*-. lA^hiri) K. Mll.uifh (tad 

# W p Wlll fir *e"ki.k-«i lIli'M fji fcr jfkn jH >>:~ ' f f Jki pf'V^'f- itlvrikO I *- ** >. <■ fed 

rcwB^i ii nr-r*«d avs” «#¥.'l jr*i Nmi. fi-.-- ml ■••nk. fie IfflF p-MllVdi' irfpiisrt Ikt-«t 
■.-■ iIl.t Vl I > trade ircfi^tul |T- > etts - n li± rf l ir facia iiii- Jtl nn> -dike iit-nes 
-I enrol ita* 

l.'rhli i ■l.wAi-t. fTi-ii ■ ITrljJ li fc P i v i.*r-i l-Yiu^ 

itotft# IUM fa M* hdiWi i.« hPtf 

f iUidtphtfld Hie p ■.• ■• aiJ H> |](VM if 

lirunrrd i#j~ics ihd ^.rtvl iLiiir XK- nkitrh'. m<iC Jiiim-- rriirp fnm.' ik->. 
Adabmlrrc ir-eavh m lie irp .1 -si cdoiiLV oi rierul^ n.'-dUsxiJ .■■t ectim-n 
r-' 3 K*ol i.~yrtaws c vd li in 

till III ill ■tflliirtllHaillUlli •|Hii|.i»J*«»nnfnWMr^miiwt luu^iih 
lirirfl rl -A jkv>.iriiLil urihu'OTvnri kit^Ljra r'.rrji. kdu taligiUAdfcri Ifauti^ e>qwfik- 
«ik of wn&* 4*l#fMfci 

r -' J r - Zj.Li': 1 1 : 3 '.trL J i. !■ /if-': - : . ta li Lil Ll”. J 'J ^ L3 li^ I ■J.'lii'l'j-Ji r- »R i+jo.+u c ‘4 
t-.: iPve*Jip3l-m .tadkr pr'.etl ii riitfiiri In *J ►.■ ■ I mu ^ niLb I>^irr Nnr-chi.- Hidn 

■1 vwijf.r *J Mil L r ? »■ 

. i Li l 1 M.P .Vk aIEvlI 1 . hllk.Uli..-iL 1 'i.'. 

‘■l.-.il'. jt. r lliji a ji4h Pj. enr j eiuJL ih CiKirmuu^ '.-} vu.ll ^jtji. uere .i7.j i.il IVe 
nv.inJ»- , -ihv Mufkci- lined * J •■j^phTiii v lHc r fl'p.ta snl pi r <-ci ■■ ' r p. H "t I- i«ni> 4 fJlc •Adi 
hpMf r JiK- ilKjcCwrnKt rf di hw >>.-Mcii “-.tt- .- -i p I r J niHtTC ^ 1 m-hjJr 

oqiKsnii id)Ki •jJTukil •crlf f n Mr IK' Icicn irJ jvpntiKpar ■>! R^f.\irirl 
-im K i£i. I .V ve I rf hti oi i -4 n-innoniliJi -j: lK -Jj-enumd -ica:- I iK jtcck-jl 
x.iEi-gni~ih. rtiiiii i-n rankiuc-. kj- lie ■,r--jaJ -At. X »j m-A.njJ.kr .-Aajfiha ii ibe-e re-.-h.LL-. 
■ u .-iIp.|.Jii J I jrp> LiiisSjl he iks. ivI.itijk. n i!unui .m r-inii.ii C'nle.iiri . j 

i«llUlk A ■» J -f! i¥ VikkiMl mHIU^ Id «Ik- Wftki •rf'HhMkmM- KnfeH «H ib$ 

■*» 4 eil 4 .vii $ I * Jmp * ci r >. n pA^.l pJ )■.■ hflci ilnr^np'iP-r >4 rfTi.il Urd^ 

imiiKP ml hi iwmiu 1 1 * 4 *. fw kqi-^ai h id p r»- FVie drkiimilf.fi >. 4 * Llmi ■■ in yc "TTri.it 
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-jr'kva-a.- Jkl ib (irntiiha rJ reri-biwar uJli a BA- e ■. -J k.n ■ ■ ju nunc -i u jv #ki lu^Bcic-ar 
-Jtl JT II'.I -JlUli’Cn hi iHTitr hi htlfc-T libLi-.', ail II.' 111? j.K ii kUTiii«W 
.jiri-JnaMirii Hjkiul ii ■ i li.- iui ha la Njhltij VjTA (Ali.ar IbJi^ il'.M-J 
J»% Inpff-.ipj |J r.v prrf>B n '-iifl’-l nJ d k i rude hat tatfMwc uCldl 

biklirf! M.i HjiigJI Inc ■* ikI? nr iripriui f m uilpInJiij Ihs nitd hunb. 

bviil acto^hf n inLr 1 1 ■ r -j i a n mi ii:iak >.'■ -*! llu ■ i ■ prelcrciixai e-k raifcu I in# pLuw 
pu-kinu. ig paHt heath rnfLU.1 .-. -j T d jl» kin jkI iLoiuyi n. 4 -.a ■.< la J«p 4 h.vd 

IK.f-iJji.Hr- Li [lunoilir. iw pri-jeu ■ e-terjhiiig ija.ii a* *. fe.-ja.ijt.il ii aTm ifii ji.v u 

KcNh4 "HriJfif i laarp.ppr ^|iiA(|'| *llfelP H Vifll • *aiJal | JWHHl pifJp.s 

.^auncinr i vfuoi cV M .vu 1 Lim-a 1 * 

kk-Hs;-.' N crvcnfl * r-»d r->j| inhiim jKMrr i hchorvi ih nnaih hem ipjJ k-J k 
ro i a i u.1 Jj - - i n i Ikta r-j-i irojulrui nan raii-m uruio ji n ihr Ililtc Iho i.vpc j| 

J j i lLll. jkveini lr-r ■ bi^ialaaai pftxuin tl h iuL4> cjudaJ Iy, hura.ajhe-.jahl iiaek 

Mp( *wh yin >1 wMikH.'WMtei ftwiro Nptf Impw tiTI-ti «Mtw. 

. .ah. ■ r 1 , j In. |J-. . . I Ml -.alapripjJ * ; -i |. tfippipri'J \ pwjrtl tiUltol Thfr Elfcv! *4 

kabha vn §d P 1 in |fr d 4 jcHp.daiB.il %Hrin-- I -iJyti.jI,- E>-ikii<ini Yl^pJrii-.-if ■^Ji'§‘.i'ac- 
!ilr-m hccndiifi ' mil fmik n^rarJ -lii -jn Lkcnr irprari pxii H it-.- erhsn 
ntalrjju?. .liuiKT pr- -j a - hm c- rial ir-'Ji. jtktj- ■ japli u Iccunji m uiauiai rJ 
Jzil- + l va uskr^ual larla ir San- IMou n iha illfmah . - l lluntne kanra fclacn 
I ilLi*. I ^j j i r,;. fr.-ra IIi#tilj t- hLemaj k jI-j- uiIm Ii.l-ji^ji.pi 

J'.t^i^ii n a* . L rfcSj.p I i awni.p.i;.'i i fW*riMnr 

I a -j i ■ >.. i n ■ i_l‘ luerui Ire k - - 1 are h la.; dcultpAi i r- . j#i.e e. a |iij^ri:ih.i- araei^ ahLisji 
•VImi pi*-i ihdia-a Ll-l Ii ml r-^ 4 a-, jav In c i £ I k '. a l.-fa-J in a-.-, rc ladia all ik ii .aLpdiii.hi 
. ■.a lajlari S.-. l J .U-Pj..iL-. Me heilf.-dllJL.il I. li-iJ y -J j .J > 1 . «.-L- t,.-, .. . f .h I |.' j- .. . a . 

AriiviibgifliiHgbf piJ <pJtaci|i.^#:vN|.liWir [nwrotfng hffriMM tAnrifo ftreCMhg i* 

ip*jrtiri Eu ium: “*-.ictJ a^iihv and cvifiahm pin*- md ipikn. hi dr p^Nh - naM 
iki IrobKiii w BndcrRBjiaj rr-L r»J ipfrp-nl: khahkrL<j eaw tier -aleh I pm Mixhc- 
r-: uaknir k- ►kii.t ukkryml ar J b i 4 r- ■ - j a > >.->i j 1 .■ r -y .:->j ■_■■ I ■* c- ppjf.il s hai e herb 
riiukl brjnilvvii^ ri iJ 1 r- r Awi l-j 1 a ei_J j-.".* . rl^. jad dr.ir fjLi ir.ijj.eM riHipjiarii Tea 
pn jihis are indmn il-ii are ri.L-JiMiaij '.'j rl i*m i.ii-. lie ■■ -.Ja Iw irijfjl h-r hukllH: 
uii TeT^ai ay atn | Iwfaw 1 .. e.| iJ |Jtr*r^ (&* Of ll^W fTOjWHlii llQM pHftHtym POf 

H-ii- bzaii iraJr bJIbp Flam, arc h-»l«h 1 

■MIL. r:?r:.JjL Hr: 1 ' : Ii df.' . b.*. IJ IL.L: 1 't 1J T*J S Ild^J '*^-'tirr one n 

•lic*iirar I he HaraJld Nbrifh it-i 'ft _■ i-_T-. - - ■ ■: N tic L'i%il S-JK.ie 1 > ?xil tic ^uilc like 
llun^e iM kanre IS i_r.i i .i--rB ' 

■ lip ft'Afi.iu' iift iiianfaiKti hhifft AftirtijJi-7A^J4ihhiihi,r '33Si I ISI 

^ i. bh'e ltr-a r a^a k\ lYbfUriiilla-.i III* F n. raik/i Karfrr 1-1 rial He I a. I I Ljirilf tku k.-1-jin 

FhHH llfeffteic Kill in ■ ' bti# risti cf -«p*lin b*-tn4ijillMi 

^>rji '■..-'I [■■■■ = 1.I.H -»» IK-J*i| 1 


"*• jAheuI ■ih.jiJr and Vnhi-fihi.il Vdulal-mili-d 
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Stl.U JuTh-'il I k. ri if a I pfi-fTk mm iLltiiill ihn. jflj-l I Pin ■. l J J-. ri I h. iL'ilikd ICTs UK Y.ri k ri/41 d -. I I 

<ljff uVfHTa. T I 1 1 r fd a ■ 2l pT-n HliiJ 111 llUj i HI bi* l. rv.i lj ‘Ij-jIiI Iktlri. I. |“HT| 1| ik'.i I IpMulTl . I 
■Jn-isari -jii^ n ii-iJv ji£. nf rriLidTB.il in mriil iurjurrk.. JVdiit-r-Jidili^.val 
jr ie-JkIihe t-cAJki iVvditMD |fn-Jh'ir£ « ipJ dmict ? ■ ‘.itiImi «V ir*- faHIfart In 
iiji ‘Mr tn-wWic ad prcJp.ii-n *,■ I u nJ Imri: j>. vd Kicdu.rlik^ arJ niid.'li 

i.y | bLnr. 

NEI.H.A liul-Jfd I tiaU.kl IUIUII1 £ Ii'iT ll-j-jl •.£*.-■ XWlil II 'I 1 iJiLTL-iin. 1 lla. lTCIIiII iHI 
Mriili. Tri kiM-J.il n-Trii iai ll i -. fif rtfritk rud ll ri Bw U V.llJ IWdJdL I-. j k I'Ti p. i x ■ I "SUiT xiJ 

SThWJriaily p >M>jfrr-ii|iirt j« jf 'N HKUfti fx-Minl C 1 ■ 1 * ■ ■ ■ p I k’ NOA. H h 

•^ptr^ilcO hi fie I " S ■ Lj|»ai huid mi "A nd ipJ Diifcftk Mfrvt- III r- pthid ciuMj 
cduvc-el li'mdiH Ijd^-Kn Ik tiru ccuiliin ml !*> n il i i^-nJ 1 jniil |i<ifccl un hi-Jpc 

■U' I! 13 KT 11 (Xl-f-C-fcvl V .nil ■■! inn kUT-fti rilal CKld C I XV! 11 - v-.nl 1 2 XJ r-Ti 111 ■-■■! f'lrp; El 

ki-nr-ii£ i-nJ Hid JudHt ruifh u> Ik i*oJ K vnl ankicnl c r p i ■ c-a>- 
jvyu.frq Auki^r tuff* h-i ifj k-.:.k , v- r nVh,-j.iki 

During FY3WM. ■HMhf Wtm DffcldMit 

*n4cd in icki-iilfaiiihMic? Huw pude* lriii Tifiiw f'.B Wf;. lii^A ^pil p| «d kir|»«- J 
cirlilm it c x- crc ■«? v ni -n ihc tmdiii: c-deri-.ii ->l riuIktci In .»j f-ctM i r-n mlk 
NU/LV Ik I knh ni SmIi Cvi-jin Sj i I tarl -:krik*-|OJ pe-naH-.- I men irii-Kiri; muh 
Jliiib lluriii.il. - tfarkv. 3 iuai. h.aa„ kinu ill J_i,a Thcu; lau r-: Uklii Ivr 

"I fa ■ A ij-J-.' ■ i T 1 1 a 'A i i' i! ■. illdli ekfJlk.dk Alrii llaai. ■ I B.X-J r k-l fa. N A lid NLii'idl \ lit I L 

twfirtl ■*! T*MHr£ a-tirw |KM 4.RT-RX ft* r« v.a rfRui 

Mu-pmi ||r I li.vnfly oTOU^pN 4ftd WNUtL lUHd n litfftoaH l-iJr#P 

jq'I'B 8Kiri^ ad hrm K-m mrtik4&i AcImct Lker cm #iredU Ll> IrncDl 'ifficn- n real 

kirc' 1 * ' : Ik akTpd Ircqucre', rncrtwjrvciaJppiKici n rr-v mrcarck 

ni -iktjk'i jncrah I r-r nidi iiifitabA .‘ ictik-s ■« nJ ar.1 ■ crtKal 1 i n U pncJt- z« ci v-ncr 

hiikn PirrB.aai> j hJ ibriv jn. i r J ■ ia..I ta n^xaiiB-ul IrirruaK it-.-iLI _j h I I ■ -r i_.4 - 

LiiB, huakarw JrikH-jp. .vaJyuj. 

ilipfa wf njgcfvnl kfl.8: -nd -a tm.i ji i Av w.va' 1 1 . 

S' i 'u'i lu> h:ci -Acri-ar-E mil UoliCs -jf H>/nJa mi a I**j-I Ill imlxi.- I -r« Pn^sulirpi Sh-*Jd 

-to ikvck'? v-n-J-ctpci&il mi rrnahiM* hiaoam he l>i I Jnp r-rlrr-lil jpjdcikV ITk- SU Ii.'. 
lon^n nirdilB 1 UTNI1| buIipil nu ual unliln tin rcu-Jkl -V -i^kx-n. vudil i-. t.: r^j 
a-kdcpi htraJiEk i^W-ian ^'hun^nri n*.k- Fji a a i -J _ x ■ ■ i - 1 1 aarn perfu. u'rdiiEi 
hilt N1SX In knl IiiIbI ildL-il -Ifi iJlj... i' sk I i d f-% iri Jh TrA i kkl.-J ki'ri-Jdl Midi Dk I K 
\i i p > Chpl rf BUfiriMn -bp! WX\ j |sr.|.|+.r»p.ai»: krit'ic. Llrctck. K- jkcv. 

!• ■*. «J .lc m n-.- l-kir p.--*JiIbpi «-bpJ licld n-ifc* Ifce B* W JH C* ml *J ri ■ ■ I *■ I 

pctc ml ■■ a * ■ M .- is ml line. SEWil b Kdinil Hairkmci’eikr urdh-.d ih nev- 
.■■^KTjrkCial hirddhKd p-r- ■ :4 1 1 iri Ir-Tk l a,-l in cru l-r lb ZUK trerKiK ■ ■: u r-n la iuf ■un 
•i'.cial r-rixlKudi Piiid-apiiki tKnhdik 

I.-V*Sp > L r . krtJ| P4- i<-i^ |JWNT uWldaT1-r--W 

NO.'LL CMfhpct- k« f»eld >i4i Mi Nbi'lcm rt/ri mbv-Jjibpip.-p lo h-n™ ijpkmjjrpJ! 

■■r£TB>P> ^fiaycn Ihiirp Jk- l - ** I pj-> p.-pjt: --pjn»-*--n% . SO-V.V «ilb iheJlTiee r|' Sr- d 

Koeanli kn km n:Hmp Lhc hei ni-J nrHinun Bicksipi: hcinmi llic inc^boe ul 
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.hXJXi r.iihiB lirriL juv hi Ii.il .1 pumnunni tu. ir.ihni-rii. pnd ku hi ikkJkU' ' 11 

iThlarar^n. r-l ttuM un [urajibUrvAiiiiiv n M1M Vi ifKfiibHil hi#nu k ri. L*. I 

■ ■fri-m .il 1-ririT i.jia IBLal-JI. [Wli i lBin Si I S *. Ir-JaJ *lhm halll..Bk larlal Jijii £ tfc. JECl'i 

Nmit I'.i fv is *c hi “nja.il 1 h OUj '># Mil m rvtvai n- - 4el Bid 

In b r -.-- 1 c-J pjpj tar^aHc pud 

: nrcvujc jfc.Tr CreiAun fcr iiffTH.vy ormirArijp'diii/jVKA'nwa miW tran 1 ! 

Hi. urv VjjhijI WuiribrC'diThr ri \-jrrun UUilriu i-fkivd m dirv.Jina{i i ihi oitju^ 
IKi'i li iiifanh ill iIb. /i i’-i ■ L K! ^-i-B'kli L JUpri.-. . I fiat I 'iLYiriiiy . I Cftlih-Jiia 'It NT I \ \ 

Kcfnuri liTkv- tr P«n* FYtfti*tf«AC«4krf. «pJ tk« Mend Euxnfl 

LilKrriun lib- I'n-.iliTT iM frilBio He IfeuiUn Vi etfm lolfcrl *>l*dl po-Anni pqw^i 
ihI *Jo d ml M nrfu^r pc-J idi-ar -j 1 1 ul« ■» J n* i iil, 11 mv nr.Cnprsi qfi^jiiici 
UNI l-c- SU.-VA lc- pr-jn-JK - .mI jt-r-raikn tv I iirr-.m-i : l I !mi in lc ’ h I xri i 

iimn .SkKih. 1 . C'jr^r. !N .IN .1 ■ ttt-.-fi- 1 .-th IV-.ili.ii-n bsanefcanJ . iu-jimb Ccnti. 
MliWi N'ui-kij bwn Nktih Ijhiaim'. -i-l lu I Lkmdiii n l jdi.r 1 m iWJ Ilia 

^.iriKfji.Bi u ji id 4 . 1 1 .. ■i^-m -J pMfcftoa uflHKiilMriff if-ui.^ neon* --*1 ft** 

*♦«■.•«■* ll| ,<.«•> MV Mfrljv 
fjan raftm ithJ nirrat 

r V- ■ 'I -. •>* ■■ ■ ■ I . ■■ ‘L-. I |. , l« ■ -Ivhsris n . ... »«l 

iifnir^Mi "ii hikleij vuSrs. ■'■■Vie srri !**■ l»,''rhi?dL i«J hHfl k* JiSniiiic ir 
■ VMlriCfcs ip I'HL-^iiv dik- jpJ rbicnJ i^JiKbp. h la. 1 - hrai liiJjihdc-J L" 
|uiii(k> Bid b ’Mihi'ic *n Lf-c bixind Up: ptfran Im ■!■.■ ppJTTKma 
-r.ir.irj :■ r-a sinra rivfUKkkuii jupJ hu pr.---.vl : & ir-im Ji.-r . -jb frjdzkr£ 
j c-J am B 1*1 fTU u L 

■ NM I'A.-V ■ I cm Vcb U-ail IVopisii iTc-ix- 'iA^I i la*- hen cviJuriir*; Ik: I 
Mtipji --ii I'tu-v v-lk-li bikiJb -.-■ to fc-j .-* i r-n .-->j -■■ 

■ IV Srirtj L rgiikiu Vri fr* N t«J' 4 n i In' !■ ^ijlli'hnph ■■ u ljiTJicpril 
^Mcl sJc^-sVpcJ -i he k- i-api ■■’■aMr-ipr P.« I 25 -«ih UkUi mi I S^! 
vbk-h ti- h.-.i i a dv-fB c-i hv the n-.T-.JB 3nridv rJ >L‘rrd I ji^iwen 

b 11 b S.’-Blk C^ilrri ■■* J I r an : r I . IK. I i r |j-..l*ii.-li'frid luTA-CVaC bu|v^ :-.r 
irAini'ktti ikiHfi. rid i “iry; >linpllnri(nM^ -bpJ ^biKVs -J-fckh l*»-c 
I Kin K>.f^cd by j Vn L'iK JodcfKi. 

■ Tbffa K ii J .‘ j -Wi’ift b.iiw " In Lltri- r-Jifi. SH*- ihj] !■ !_»-. .ilj..ii- ih #ibU 

di hf-fiJ-MlWfl tuftil|ild mndKl»C WhDl pH*. l4*f. (JW 

■Hjpii &*iiid dlTd«« 

P I. Lu [UflXul liunil I I--T J ^B.Ulri ILTri-i I-Ti ti-VI If- -ID fljd. B1 lljCjll 

U rid-,, IT. IrJbM Ibh>. tti IflijY.tLd tbll&IB J, lel-niakLi ril IPhidU lUIUjri JBd ~dk- 

iffB'.'lBTBk' i^iai fijf ‘iTc I'd.'is lip.- i'vppirlVB;! U< 4I N- Tr 4 ibc#m# ’Jif 
| ir-.-.ii n-' Clnnd, 

b - i h.al hi fim . . ■ I j. r Nnij jjvj Iiu^ Ji N'. «ttuTi, f ii 

ri|fr^#riJbh° :Hb' i hrtv- V, *\i fuL -.iM-vi u.» * pf^fMun ibri*n- r.y 

I WWl lfc 

p 'i j-iriuii-kd 3 iijbibi.i uiiUbi ik MumuI I Lrrk.Uk C -jiU: jtk -jb 

I j BY b. JJI., ■ . ■ rJ pi-dlhk libiidl IKinai clbu -AnIUl J I l pi l I ri i I .'. l ll.TI if. 

Iiwhi! if l^kipii iVIIihi+iJ i |W' N mip«i .>■ ip.- „ % i..-i. ..t -i 
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fdfui: IvjUi i^diia.-. ijj jii -.1 itta .1 ml Ili-'jiiLi Ei ay mikiinl 
ll. l-il.il U ftikiii -ill lill- tLakl ir.; Hrj| ail,; ,r- rial '.1 Jla uhl I 1 . -if 

riaCIs.fH .-rial p«f ■HHilin Tfcri fUilh . |mi Is tUp CrtfeCllV 13 1 IhUriaal j 
lapiiatnJ huikne xrniii ■ 

1 -»iul Junvulr Etir ‘Handsnl- jgU IicIucIiq 

MS I rii-j. j ik b 1 1 1 aT ib [uk r*r» >.tn Hii [ir.ih.-J hi i !■■ ■ ina ill Ki ^un n UbLi-.-JbI jk; t-I 
Iliad 1 ri TiTi h I 7th. forifc rifll lm HjB 13 dll I Z I l. l.-'ikli-fi fli-Jt.li'.ifl li .JiaH.-riL.-i dial rririlr.JI«ril 

1'rtfclJm-Tu I.T !■!■' r it ■- ^ M IPNlrf&T Ii' I ■ I nl tri .1 ■! i k 

I ’ncidTiiimJicy Hi w 1 H Eai nJa I’u^rlbi^ Apyi imi il 

Ijttwh Il'inJJlvujunr. ' I-j luiklu j.-r -jI 'iiimlilJ -S ■ ri a h lhunap i .Slncn |. , L , {LK; 
riiiad Jd-a F.'i -n.iri i.iii'iB.i.nii- aujv-kj MK 1 liveli^-i-d pusKakr-.-. oral v > h\* j.-.- I r-r \ ■ | 
_-jr.-a.lral iri pri Jlm. l 4-HI V BKl iLlJ IIibIi jl.M 11 . 1 l <_-|l Vi ri.i dla.1 irp-Jri- ihl riCT-a.lt-.ia rtf 

.•Wi'-ilMh-f'rvl *p.hi->?i MfhMlt. ISS¥!§*«Ac-tfhO!i #T w* 

|pia..lrnjr|ia in IPd - !!■ D.» PI lMr*CpB I BTc *1 BUtyMI i.d’lhwd^llP.I of 

r-ibi&l i iJ idl %'tJi'Mmp nf.Hi M. 1 - xp v"l.iJ l*> ipci i n n iri i a p lire licih ED dihjc 
(Inraral n-J.'xn-J.iK'-. l.-inm^ atr^v .vd Ikai j ihK Hiii-.a.;. ikmkmsn unJ ifxvEfe 
i.--riai riii the -. -.vi. rail v nd lIiiui.: it- :1k cmi Ilm n-.n - ii ■ uLr ru r-rm mid -pre-Ik .- ji he 
Junp.udeJ mtu uihiu 1 1 'irib aadi rarr-riki n u p^aiitk hi i^uii tv-lIl-ik 1 prr-hjNLaiia: 

ld$dhpHOfH cf 1^4 ViM 4lbn*iri ril -OallkiArv nhuT^ Sh-rt l|.|a s H II ial .a .III "l» ill .,i. ilila 

■J iHflllH *v4iWtPk--M ^-hJ 

ijWml I'n^ibJMul I'krtmw^ i r iV-ar.'lv H "hi'/Wi ib At MiaS i'nyiiivsmd 

SIS 1 ki fc^ckfcJ uflhinc I-t luh/irf mrd cffihli wi rip hi. |PSlH’wf.“J hali£ia^>. id 
lkx.Hr I r j.,1 i-.'m . HdlJiiri-. Hif Cir iliilLn^-ij-j-jr J ikain ir^ia.-d i-kv 1 . 11 1 1 1 1 lc 
I.mlIi a. - 'i-i-i-jfcl Ikiiria I D m:>i m .■ anilivU I rxr*. r ri. r-rt It-t jmf.iii .Jal rk-Jpji .4 baikl#*? £r 
lilrid L i ■ I ■ 1 1 ul iruLa-. .‘JblI Jui uf | ri ^ ■ Il-IbIil IHIT-IIjb Hb. j-JbliI JE J U'i> lai.iJi.1 if 

pevsfirif Iqpa- DJn#l ■jpjddh Lwii iidiitMii.il dii he *rw?J ih 

lMi/ih^™ riPi I Ik MfccMdnJ [i^rr- >.• >.J 4 ■ n cMiniw H u ppJ elTc-i-ft- V-Mi ^kvi Ii-.-’J 
nfun pciidi I*t ik ifi »hKlinl liraiyn DlB '4*cr io.it X’.ini k Hrnrii«v uf |»mi- piid 
lin Birjf4ili-.il prcr&irri Bis r.- ipa u-r-J ■rlih.h pir-.i ihc ■*□*. kii ir--rr ml- 
.-- ai-i-iiLdi iL^+.ii- IliE H. linjib Ijll jfaJ ImniT-j n: a^.ailiHi: ai .‘Tiv na: bt--i u «1 

fT^i Uriji f'Aiririff GpKVfWi Wrp.triar^l 

ITw fed|fi "f fw^ l iw f i n umi Mbp IiAhiM is Nfct J -#*#wi A3CE M3 Sundwd 

nd I Ik rf .WleM-iihPr Slicu rpi SI^T loed He it ri’kii™ JnliioK-E-v->icd 

Jr-ipa 'crhn^i-r Ip bkb ihc-dsfrAr H -alcn- rl a h.piri km-riir portal liaaiv riJi>iiial 
.•infMie dpipud n ar _■■ Mil 1SCK T-W- aid .4SJ>ja rr-np-ur-d I r- #>: p-ri-vinii- -j| Uu 

'lSLI. 7-*!2 SurikikrJ We Bji . IhikI ik ji ih-. ir.JTr hriip r-di-iirir-i ni'.’ i.-. jI .'lSI'I. 7-UZ 

lm| rilMIEd H \ riillk r^iprihl 111 U rial Iridliilg laB tlJC Ei vdLl 1 . kVril is Fill ril'.rih |iHI ririd .ialU la 

taijimj Uihupi|d||> rif rn h'i ,»>u r ' 

.Hbimm^rJ^raiier ijl’SiNirrtffii in M 'm^A-kiujkn 

Saiknal W-raUKrlon ksr eif^crKnkil tac r r 1 j I uaii I mw- lrl.~i-il- -ii 
ii ^fvnJuul hun ra Idrun 3JJX Ihr-JUAid Kij|ilb leak' p ?x-r-J up-ji tkimilni bf 
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j r.t.^Lki v [Ljn or* u.i ni^rJikik ixm J„ikn-.vl Mbnir^ ti. IW lvri.ll TX 
1 e” I «J- ■ dinl ■Ui'nVvl rid ■ I IJhfl.lB.7ll V . iL >.r 1 -im.il hft irJUJ TiiJl t ill aJ-JFi U Vtl I kVa* n£ Uil 
Vi I ia. il J-Lrl-n lri hi. MKT Tlri Frii-fi _.Ji.Ib. i ■ ■ f a I ^a iiJv ■ivr* Ji.il U rill ti riStja. .il tuhiia 

•■■ill ah"* iJwwm rfftMJinc ■■ I *i f.I p • J pi." *■■!- kn Ur '■Je (kr«^i >1 k f i LJ ■ if* ‘j aJ c ir»*-l 
hn«i» >> i.xrr' rv h ihcl-.i. 

AJIci llLin.-.LK Kjiiii j xad Itirr ljil Irla. MS I luaiM^d j kira >j| c -p-.n ■ n vHkiki j 
i.>.'4[Un'JD:: ci i>. ijxia* al IftiAikapp ?fcvia.al ulnuniLiiii:. ui r-.iKk.iiul •jiiliiii:- n ikv 
Kill I rL JJ -. rilXX - i‘iM£j Ml v. -i-jff I jijJ S iV I I ri&U TriHri-. VKliLa.ianri.il II-. fi rlai.;-. J» 

' far w|Lir^M»iK-l i.--lrir.ri% III £ . U-ifh! ■fri-hlv -J.fll-. -Jrp-vL;*. JliaM-. a. .1 fl-^lkip-u-l 1>-| hv 

,vr, iV, »r >HWMAp, rfitw Mi-*i r*rm in Hr* I rtptffl rtumtfi n Ian*- Juas Tk * 4-^ 
ak-fuki Ji rv-.--,ira nc r-Jb I nn n I fa i cc jjt-j?* 1 1 ninciiAi np-jvl ni Ire rckaldaij. 

■ j -ni-lisl- hC-dcfc. tjeJ pacifci. umJ Tidurtfex UjloH cf sfsrcilh' *J nivt ■ re * a r man h xkJ 
diricLTmcrJ' 1 

7V*i«* S l! R- > ■-< Imp** T . .■ r .hi?, &&&*&&& 

EflkHhi -riN nv,l(| Tlpjf CtHAl l. , ftTC)^'Ar n ' ftH>.-r4 w *irf ►* 1 *« K«lfc i*/i «■.*•*! 

«i#d ntfciKTTrt (imr-raili -edkT H- afarml 10 pdrvKL S icvrfl NIST 

ii> .--It; ii 'f intualnJ Ife A. ft Jiffimur* 1 1 fl-.\ I r-i rfcs.ieimrs.i- 3 i btNcnaiK 1 roper Hr. c 
.■■urai."- -jI i hv vnJ ■ mkJ ttu ri. i > £ ravdcltia id i± ra-an iTllI iri_~a-.1i ■! h-.1v-.-vn mnri 
■r-rvJ- u i jcrodmau: di uru rca-pcnc -al 1 v. hdiklji - 

VIST riBdh flud llu m J r iV' ll'l-v iVnl’J.ill f i'i J ulili-la. J.<rril lril>. .4 lj.1 li ial dfT*.1d IF 
JaiaiVfiV^ vitfK iTidl^fc. fiV InLiV IFi^ldpi df>l ■Jj.airda 

\‘J^-^apa/t /■■tfin'M ■' it%I ithJ I-viiTii-.V^iVi - ? 

MS 1 char? iiv I S-.apu ir-ial f aid -ji MiirxJ ua 'Kisiik.- Mk^lh u-J SIS I naif aclirdy 
parunaui ra llu I h r.v I a ad u irjnJ l e p i r-.:-.T j i .' u-li.'-iurjik.-. Hi. 1 1'uvl |T- i i kk ■ an 
j:kvii» a nddisisji Irv li: d'^aLnad rJ kvli. vjl Jju ud je-rauna-a. laa aukaapa iiT 

■^LVO-JVVM J |J I tv viBa-JaiViiri-iliail TvwJVv y, M DTfMI .1 (biIli JHrifKI EH LI.- I '5 aal 

I inJrral Kncrtmcj- ^Iviaci im \fmri 

I M 'i .■.III II..- arl [IU,^JU. JlJITf.. Ih f-J-1 LU.-J '■ i.VV lxI Ik aifUI/vvl D lid llbwini 
.'^j v v; it I ) r nL wjviiuv; Z; u kkl.-j.>rn-nLj£j vLa j vi-9l_.ii.-r> val iiuhtJr 1; fdi'al. 

•rtl^kh. -ll iftfinirflhirtOii <1 n-iit^-m (»H*iiln-¥«.an^i*il ^ ilhftt .l&ait-v 1 -II ki.i-iik 
p.l«* 'a.li. ami Si luriLajpc ji> c-onfiillML 

.Hr aJfc ! naimiH 

I!j.'x- 1- I S klu k i - 1 lk.< . ar ILA. - ” S-MM i> m n>L jondunvir f rr+r ara J-.*. -.l.-'pcd t‘. I KJiS 
brauIvTiaa p-ivniil I- Jr.ua Iran ILaanLa. ham.-juu nirrh ui!-_»ilafuLv la Jl.'i--'! 'S-3.III 

NVU MWRI Hid n vXffW rhfr CJIE 10 

frvAkft mImm eClairifMMd dHAigf Nfen. or Efttf. ill Imam. HAZVS'WII *MiiHPin> 

■ hi i a.V |*i' - m c j' -J n ht R« i hrUnf nl ^ f'mJj'kliic. wwii, 1 le«-. rirk^hrj IrM 
knin irlerqluu r.p. - 1 1 .jrJ r£c-x4nk.li'i!i cm. aac -c-cLl anfovb. irvlaJi ij hidci 

■rk) ■ r-.i c v r i ■ . ilifiLuvi h-jrv.uk v 4 c a a>i p^RiUua “-T'-r- cJ in h: (kuaiv-f ll.'uM IS- Ml I .MKl. 
Ak uvi^cd ii irivixi.'-. ivLx-v -si the ILUX'V-LIM i-j It a aid prii.mn. Kvjbk araiakk: Irai 
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TOM \ m ‘.jvil 2DU"- llit/L'J-MII 5J3 2 pri«J -h-i. a |^> iniuu Fuu.il ■+. uun/-#u-Hi 

■I i.ii iil. Jill .il^ibini^ Lif-U kit.-i. .rial vill.‘.dlk Jfi: fc IK k WP FknJ kUlliPkv jl. ilviy IS j| liC 

-J-kioiri-fTijdirv-ar il lmh tf tMiMwi-ffc Jfvl bn a pLat.. jrpJ 

jHpIkio. mc-piki ji^rucdiev-. -KriB-an uwd tu i-rpft ■,! cuiebc*. ard rr*puiBC mi 

TCV.ncTT [ 4 mn|, 

II "H jiIiTA- r i/n-H i* j" JkL'il £c 4 ViOHA JU khuVa 1 

IT.VI 'i 'lire fa Ini Iiw.vJilII Til JJ1 |X 1 -M ,1 -IjJKi III hill JiaaphJ-|-jriLHh.e TlI 

lUTI^lki liii' ■ 1 / II I -.hXT-JBrt iki. biUiriflih.’ Ji.' j-IJIi-Ti .1 IllJTi. *i.- h.anaj it. 

VliIrpdM# Wi+ri#! Wi-u'pNk -M^ra .411 iKidH ukfeiljMV Ai rtwfcikU- if dwOtfrC-MH 
•vkriM K pi^ idiat Wpwrikrinl Ji^ek yf Hpptiil aaJ Yfier k jfiiia. FEM l 

■Jiphic’J a, MiVT c'llii? ifJ i»o+ In r dri sh«Tti ird ni»di i^mhi.ni n itx 

r-j I . m iui.'. d Jtnimvi inpu^d'ki JUd ud mr«J lc«c* Met* ■jihmTmabuTi! !-ai 
tTfr-rr-iJ dunr i.:-hiii c^uauiMi I tie i.jh r-.Jea.-e-J jc-jipdioiin : re p-r-n -.ulKr Uu 
1 uf Ke> iiUrvj. t-iiki n.pai kl.IlkL. I 1 - J JL iT' 3 Ae-^ i£i. rLlkljI.; e.’il:-. II llal JL1I.J 

4m iwrh f J 1 a* 4 fT*^uril*fti^Wi K#rin on WMdt |>*n r, : rt iwM. J) ftMni 

udfifr Bid u-iiv *.»fM di>-rf"*a- ffiWfi lki¥«.a^r k ■•-•’»■» ..-u.crJ .- 1 |fa iw fflkrtJ 

■r k ■■ ■* 1 ■ ■ r- ai hbil iubJiI eich-mT YUmra. I ^aniraa. id n(i fl-’d Jinik '*i t 

■ l-'iCi: ir "Jkt-.- hoi. ui •'■ liinie ik- K. iin j >• j> lc-> ihar. a Ek>ipn-le>.cl dim I : i *■ i r-i n 
Tud ire a- hKinewr. u nJ ihnaa: mu v-kkapread and na kitr in > ■ an-: ;r-. a > Uiliii|i 
iu •. ■_-v.recee-J -ar-uriLJ iinaial -i xrofre --pk.il h- 1 rere Ink Ivs-aie y a hi e 1 1 eoa 

■ Lifi.li I- i i'hthbLi'liI i i !■■ liiag.eLr-igi .■*! . a-anh ii -a 

nlijf-rttpi ¥K\m«v? LiprifWrtf r«idi l*ir Ijprpr.i i d-V-i'icvnfi 

•Y* (ill ■*! Ihe Sl.i. . .■H-'ri. lie Inn Jncfepd I ml -r-l- da- V: r-l maLiucli-aa del 

pre-hide* -.-■•jsIj. rv-kJjta ■* rl i n 1 1 a ccrnqf piduic ari ■.■ ■: i j* c» l-aai-J Ji.-r ---Ini-ai- i*r 
:.z"-!iihki + n the (hdl In pex eenai-J -die M-'i I e ■■ j v n ■ ta> e iki ri-.T-.iJ aerh 4 L> bnelair- bkI 
pr^iLUfiM i-ii k.dii ij 1 1 - Lh.j| ie*>iBjil iLd. jltbI riiiiiiil Jklhneik F ii inin-.; kihr huUfci j 
■ J.I1...-1 i rs i*. . Ciair L'lkhTI k ^riliJriaiPs Mill Iv lHUI^dVIKal xiJ iiafu Ij-iI li I H.la P ill. i^-.l 
■ij- julHh -ujpfu ■■ eica ffcXC'l ft* v Uuni I -Tiiimfrui^i fi* iV 1 Ul, p -: jkk. 5 - iliiJ.Lrt- w - ut\ 

/-h+r i'"L%n.krtt^i pr*.n pir« la.iiEiw-w*?. hjldcn- nd ik^rn n*.*feMrrmli- r-i Ik 
f 1 r-i-upl r» e. pe-erpraFaJ l»«n-J rjr-ri •"'liMas v ' 1 r - 1 nl^na. *pi xiJ .-jfIik-. -.*i v 4 r>r-ii| 
nd e«aku. 1 iB|rdpflD , -iM 4 ul liuhliirivi Yradlvr pablKilKn reteii -ice M-dnpiciJ 
Ji--j.inaj-.i-ii 11J u • j a e is I'JJVIA 4 , h*i | llriKhuU^.(iuiL ii- L'i-j-jjI 'liiun -ae-ri - Teekahial. 
I je: Hwei S*-h.a TT«s f-iJ--( 1 ..a 1 »■ ■ lonM iiFXI e-akiri&l arul araffcje lier dheKdu JjtujI 
.rdl..J ki tlfairUib 1/ -. Ji. k ■-.-■ TiJ iiu-JjI l-inldinf kidnh'U.'liri'i Til djftk-. in J jf^XT.' 0^1 ktu lo 1 . k 

k Av mikinl -aaJ ickrd. 

tv C 4 aYvut-di 

Ihe I'l.M.l rreh uie. ■*•.«•* kirei (.»«.. h-nea u Ike ilMi-'i pe-rial 12 erurp ea ei arid Ji-auer 
aitimaicii Lfanap.ihe mill iLai I e-i I- j n c d l arr^xae Laria'i IuJIiI ede-n^ ike Call !.'■ %un 
auip ikja 1-4 ra 1 Ik i'-n uuia ad -Hli bi£H-jb haa. iura I-ih/^J rai ib Ti e h i-rk 

JiV ' 1 I 5 TT r'H.ia'LPP iI'-»>di‘fiO-:^» 

I "M 1 jipJ H)Ail, Wifiid l"Ecdier !■.> ■ irpi *. r - r ■/ ■ *.!ali»i p aruvrv: tn Iran km-Fr* lnpi«>d 
iaricBie incraiv picdk'iina iT»<Jlnp fir>jai SlAkYi nn-euxli ar amJ k> inpmc cYsaihfi 
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-lAjara-nuLirf, svJ °ma . ■ -n-Luiri i-. ki r-ri'% v.N- V'-.-l Ui 'i r t.. J ii- . ■.b.iui. ikrch 

'.J*. Jr.; i .-Ci L-Jli'Ti rJ ll> h lv+1 Pi J.'.'b 

Om Ik- p«>l Sm KEM-*! he- ULnlocf ii *. ■■*!'> i*Ip»i ^Ali KXK\A ■" i»f»v wl HuriPf. 

■ j-- cJ i,?i inpi'-d Jii skI Sa. IxLc nuil'ihdudiHfva ln.m hrviBP- IKJ OSH) ir>"klii| 

prvncki' I Ik- \ 4L<0Sli kinuiK ri mr. :■ lt^-t n-.«Jcl hvcd'ubciTV'Rl; hi fioj lI its 

■ i .-its j mr> nuriridu £k jII cup.Hutd licnu. sl*n ib ■. iwj oJ n.tf !■ i rij . tlinKw 

I jKI ViI-U Km ■..TniUkid-J mum at.I k-.xididir-i- -iMa. SI 1MIF lau Aid Ila rr_iii. 

AdjMraun^ u-it* wLI IYa Nejjj k :jI hk pjdi£ihii£. 


iVdrni Horfi"H.> .Wd retort ratin' 

I ,.'fUuT i l_i l.ki EJJ I’Ti'tfc i L'll.; inf^CWdmq I I'lPU 1 s* I C=a_ r i±l 

Hi. I ' 1 1'iV A I b -id ■iflivrAiruif'L Km>^mruuU< iriiur-n u drJ- a "da. uui ill ilrtt ir_i |-j i 

kdi^^fL *0*MH <vk i tfHfimft»tfi#4{*'ilk> ’bid >H(rifel#H 

..III? ■ i pj-. !jf lie bc-^teet AH-tht* *f>! rt+ilnds rwi to MCUlfit fcifl Ort* Ii iMmtan. 
m4pn rrf OH Ibt* jrr. «pj [be I bi rd hi Vfnre II rr nijc ihti i rf: -J ila vi ri*hl d line pin 
j midn ' ikiiHc m»r. bj ikvpi c-l Kn''-bKioc! 

.-’i-j UI.1J[ .’iV I ■ IjWT ri|l III cJ 1 (JT. I Till 

rik. J'NW A rHka ,if lrdr.-*.x ■-ii.n kKl.'hi annnjdi fumi.ii-J il. f. i ■! .m riiiiui j iJ 

4#4M mpaMGfilm rw.iwN-^i i— . Mn-jiiip.*;. iv&mt itatr 

wild fCffrfHnh? »*J u-rt-.l i»“- r-T-’i p.t TIC C‘«fipiiiiiaVv»l HiM ®i$rdrt* I'CFIJi W«*l 

I MlHl 'll i. bcii| -:iirjh.L-i bi inpi-jisriigBri rl je>Ipi.Ic!l-J hiJ p-J aj I iy-t urid*- Dru-e m 
-iriihinp '-he Been ; t m beta* ca v nd arm! -iiikIiil- -iK.tE- IxqF hr^Jia leci Ilvil been 
ra^kh>d ic trial Ti iad im:l au tj; craft m PsriicL - Irua.- '■ -.i c-c utl ry ■' 1 1 1 ! - 1 u cki c+:|rv 
in oihli v rii ili-u II. W- a-iuad .a.I ee-raphij u j.l I bra n 1 V 1 -.cl cm I rap i c ■* rj ji vd hral.'. lael 
iKMfll 


Hk- I'll W I OK Kt *.d‘i.»r?rtiT'- ewIirrjeJ K4n*lk% unkr lie StvmJ '* e Jhci SliPicmKiri 
IVv^tl "Jii-.ii i-rskfi It4eidcf mJ c led* ml | ■-■.-> J -. I « i d lie 

■npKi? -jI fiilKT-n "Jk- anJ hi ilkiiik Ucie -^e Hki nfieb. Ai pirl -■! Lk rr-j|ruL 
•dt I' I x k liiauavd h n ■.■ediiid-J ia e-iaiLei j .~ a >.i I h . j i >■ .J _ ■ .1 ■ f ■ ud iLTbEkUU ^ai mk JfTJei 
urcjdri iNiifiiiuiJd ■*. ili_r eh^rwrifc fiiHkaaii^ *iJ iLjj ir.jr_ip jaari tviBcn, ulffi 
nLifi-Ji a p.dirariiifi id i.r&iih d \ i epa fck- Sj.", . i TrjEr.p-.-rudii-f- 'A'..-Jhri C i+r* r. n-, : JdJ 

hnci:idljii.fl^lAill. Vht In 0" * >Jb i ■ I r c.- L'.mhilWi! (JOC^llAd id mini imeliy id 

uiyj-l Jl'Hi 

.kkkkvi rp: L^c i'tH,vj .■ * n .1 ,ru arerair 

Hi. I'll W A llr‘: a. a id lidr..-i] >.iijiL Kftl> k_i- niLai4na£n.ti u [npin: j vinituva npn h 
Wjkl I i-jJ 'IVdkii i lir i jH. Su^p- ndJ Kiuourki tivr^crjjnr. i. - t j:.Ji liu jI-h Iv.ii 
Plainly, pftpen cdyndwrii wi»n ■.«# |i»rC4«r«i end Criwic kf Hindi 

I fesbirtiilHS OttriliniiiMri <Ipt B--nr "T nid “ «pJ Ml.Ripri nf 

hii-J|r J;-t- sd^n. A ildl uuiddrmd'VJiK'if r- 'n-J- >L."--:I-Trn«r , f' In IW mdjrinK 
Jf-ipr - i I iH-itv >ia>. 


11 



|, . r e | WriAh. -.i . lik 1 . L 'i t*L L-t . I '■ y^iLi-LII '.T i vlhAVY 

‘|hy rnVi Y i'nTu i.f jratMTiiifi, R*I> ingfffepi y rh ti, Mumw. I'ifuniMi iT 

l» ir-f ll?" J"P. '"PJILT'.I Jkl I'ltU fJk- Z* J Sll HI i V HI 'A nd-ll&JLCd '■ 

i * Ibiigr? II .%vtl J • ■>> ITr- itarhahcp m -.^ri +.i ii«-mrr»l= Ifac Irtafl nl-Minl hi 
-h dK iiiij^m d iJrriiw l-j >IJc In^c oiiiKm oil inp 
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III. >UHUijn- 

^■I mI ll. [Ilnur. f.isil- Jllla Silmmyi '.V.I.hK.Hi rn fai ^7 Hitta.laai Pl^fPlI If hi IKrdri» 
in. 1 clfaii'-rKM uf r».M«r; |T'.ynn rlT.^h di”ich ftdUf s.'M'.hwlpn n i ' tv ipip.-**- 
iT^m-cd i.TH fiqicilh rn|T'«-:irer.l> n “slK Mlk 

'■r- xkidl Til EVpciK. I^TfC llH.il HCBT- J '1 'j- JT-J IRKH. SMilfth ^TI'KTC- SlfTi'i .ij 

;-inrjiiii.aijii! .dal inHtihnihHi uhiii iiiui progpuu ri ik r-j&'Anq vn - 1 

■ I ihncc^J kirinlcdii: 'ji 1 0.1x1! iac? ini pi rv-J iiJ'nnrtksi cn pcycti -*ni> 

fc Dmrfpkd u. W 4TMUi4£-fe*l 1WW«- . NrJgP 

riru awd 

P I k‘i-.lif*.d BTfT- i’l il I .-i 4 ■■ I. I MUHIklE -I Inui ITiin b I tA tXi'Ji'ik 

■ IlMCH^ £.TF.Td |* , jhl t . X*«RTK*- PI J ‘•fl'TK *1 ■■'I fipxifli « Ipi-T ViE-i ''V. -1 
t ■*.«!. vXUj ul I hi iL.-l.-pd. Oil ■ i u IlJHI g i Li ■ dT ;; j 1 £ fJmLm ■ i 

ll ■■Hip.*". nf- 1 c J i.Mpnwin'jm ic-.'ic-d ■•CMrd nwrii wt j' sn Ik Wn-feAnri hr? *.! 
fc.--Ji-.-j' n InTkinrril'wi Hu lluf Jcxfie liilbn ^IcikMi er Jrr-.“hj*ncTi. 

. L'pfrfr**! B+J N t iJw priV i r i mT« W lptfi*d Pr* 

P '■.l^i liltl V IrJ lUJU-lf. 

■ .k>KPiif nJ imnnh'iiii rnli 

P FViivJifti&g fUi-kHi pi iTIIl I l* jJ rufiriHiTli 

■ Uu i-J ■ k.l -jti nciirJi birf] 

■ hifii #i«-c ic^M'kflin ft** i^cwiiCi* ipj fife jpifcrf 

■ 1 J3d uiE mcx-mi jtJ. -.■■.•? I dliiTYc ■.■■u iritini fnirin:- 

■ Biplilnipt'k ipJ|ii>Hk|wlir^p 
P LiikkuaE^: mh-r^Ta >. A {V**f 

Pm* *111 hs nMCHttld Iti fl-'iiHg. 

*>ill It “a.I.-ic-i Ti A nJtxif >. ti I pi -nr.-iiPTi ri‘ ic* cavil need* 

li hik hl4hi H i>irml PBimti dviibfi) el cnni ii-iji.ti kwKi lE-'x-cn n ■ »jkl prrvrifc 
fciigh i . Ji.. • !'■ iiv iX'iLi iiv.i-.iid jtiI Aik Uiil b-j bii^dj-i.'.il lUirp; Ai. r^vi y^ir lihT^aru 1 . 
.-aiiJi ijii-ii n vnfwivi ir.; ihni.- ; .li lid v iii iTiha L i u r ■ ■. A'lKii^ S i mq| 

Kli u^Hn I laailairii id .aal .ILilia.li -H jjljraii fiV iii-ii ilFa.LiC Ju aal Iri jli.Jiiv i'f 

c%^hv iwuvci L'lAn lie .popi-o NJirral iril Tc\'fcrpd'i0 •. »«jp.'I. Ik 

S'A IfiLF bii-nipLPLi ft '.rh^y ■ p r- i l« i-piPpx- hi pcriumi [if biirJpti. »>hLT v-il pmidc 

ipirr iklik-J ^-jiIbkt -jvi u-hne rE^m^ci arc ncvdcd B« i-h Uk: rf Lhr 

■rf iti jrjik'i p:^r 

iTa! .'I 1 1 a. fjC Jal 1 j. ui'ull k id tl. Ii-Ji-Ii. ThHl l' JS NlTaZiHa uxuil V..I- lla. LdaKJI JUal 

'-i- 1 .- ■ I- -i raortl fef Ihf kiJc KHV'piriL ■‘itlkt^Ji d*W«i+*r FpAaI 
rf.ip.ic- n" j* i pI.tI l« lIcniKiK 'iuiipr ..ij-ci ihn lupcnc ipJ *1pt uinc^icil licmti vt 
lir N'r* i.fe bn lc>m. Ik mnw ip.i .■■:•■ N Ipt SaIi tiI ^'piiJM^mi hn» p.l i *■ r 

I V" ^ t.it. i.uiL 4 i> ik-n-.ii ■ ■: ikni a.- m \ hi i 1 - p-ar.l nr lii^ikrifc <j| lUTt/axEii 

fhi lk .llt.il- -j| Irji MLTkJi ill tlliiigTE 'SlhJlv-. lli IXirJ i<iiunk, 111 h-ll.-'J I It I I-. B 
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paiul iutiun al ■li.il.l n its. N 'A' I HI 1 ii^ul. -iwji. ^rfdkiiJ indMijiilh uw 

ij ikJ fcjr* il J I Jti!iVJ j I ri t. 

NBT 

■ !■■■ ■ ■■’Ihr YhlUh^ pflp M Wpiffm 

wwiirw-rftari h> Hmbwtv R>rir- Bln 

i '-■JBimvk.J nnal htLi, . I bncllr^i ip ou *>J Ii-ljI t-uRlim ■■fSa.iak ard ciKnipn. 1 . 
imrdH.*fE .Ti dk. Ifciltni*. anJ rtti'-ficiiOKlani'ra if Ac I lamorc Rjuiu jjJ lUm.ji. 
JtiB 

MF 

a I ki i r j i ■ i k i i nf il sllkia li£ Fif ti.- i JtwTi ii. i'ul iflali. iV ilhi» nf+dri - U ial- 

llrvtac ic-|"im: In hMii. iK--. &■. uric* Win i" ■* r>J cflcih. ■* iriufrqp (in ^ id cITeeN. 
p?rr-jrnurHT ■jd’InLj nil ipJ.Mii 1- !>.‘ikir- -Jnhp kib-arj -:2 r*“ '.»■■■■■ • - 1 pnfwmnt-s idf 
(nijimnl Mru-lur- Jamp kihm rapcnf rf -ihrciTci j.s'^ciri.-i oJ 

I»x-klI ills a-m-mv |7 |rc-pMi| rMmxiuissi auie | llf-rct*cu| 

■ hi*'" bij ^ ■•■■■■ |".i!Vaii»»j^c. ir^ “»■!■■*: ■■rial Itfikliijp *.« »Jiii|.ll Inc u-iaK i^arr** 

an! ilj ar si kn ss ■ j l.-i halm j 

a JlUm-V i>: lid I.T V riia-^LLTi tllJri.i ■ il.ls iT il lMI. i mT O ka'll UJri ■ ■■ Ij i .1 ■. ullllBCA 
■ ■ T 1 ■ ■ i h i ■- a 1 gmf riiWrVI ifttfiflilifiiA«#a. #*AMiip.liup ri ■ knil i K*f n cr« m H §M 
idvliilt^ca CHcw 

a I'.jlui ■>: fiiii. 1.-1 hr- 11 t-ialJi i.- |V'«Bs prahKirru laiili IwaJti irap^.'s 

.i;-uN.#.a t d 4 if !■ ppc-M.pH»|¥ 4 MoM. Elwnfe nifl? *fiu|* f!»Ti flT 

■lu.-.aj UVpr if, h aJ . . . dial h-slh 

11 Ihi b. iJ-t'-i ■. l. i t ii^i 3 r-.i.hKs- Fer hcnorEi aid wuriUErcu J i^rv-Tm. 

nil -Ej-. -i.kii -1 huiuu Linu; ^ciarikaiuY p&rukua rJaaiurf .■■! I'-n-baa 

♦ Y UHii QB <4 Uf£+ MkKi q^ . 

■ Ihi a\fBT^n >al lEivrikii-jadl raikinak m dutac.r rT£p-aidJis>ii I nctua kaairu 
aJi/hra |Fi ■ p. s, 1 irrimkiKHal Biscnsh ii-i if lUrk-a In fii^ji js-.J \-j"A CM&hh iu-iau 

mAA 

'■(lfe-.'F|Ji S l l.’L-i ► it 4 c ib !■. i.l* a 1 j «■ larfrR r f | ciB tnif imji -a l it- >.li> rir» ntmnd 

■liecijiail Kioatlic : nvcrfj pal f.td in ■■Ikt ijo>.ick 

■ WOAA F ljJn tf CUMk D*u p*x»-I 4 bJ mmt PAUMrefotiMJ toAirtk. H*d. 

wri i^imriic^Aid “Xiil -i ■ ' r ^#li 

- ^iKnfl Biau^fi hu Kbub, Udlkn In^aa Hon i.iitaBi umLs J l-.lI.-ei 
airTh¥ b frf (kid ili(i«rK r-t*' i M% -li l-M h#- 3 li 

■ \Rfiul i !■.■.■. 1 1 Kcnxce |r- r i >hd ■i-^crUi.eb r-«- thnKUK Raima. UKiicne ^scn'ct 

ViAbi pradhXClfi AJU liUill 

■ TIk I .!>. ^nn y Cwp rf hyiimi nd hOA^ implAd ■ ^vl-lliriEiK hjoLrin. 
Chxkv. 1 !>.■■. 1 Kn. a ad i c m .■ I-Rm ie-Niikfi vnd luM uilrut mfi lie 
Jl a WIXl>«pjduci ariL'Jaii "JLa ftiiE no. !■ i IjiR n riial imr. 


Id 



* SfOAAY hMiiiini Ss# Qwi hn fiM 4 b* SlHI ife:Mc itfuirrlMi 

■■1 lulAtiAiAlci- “IkTC Jki |pir- r» IeKh U. Ikl |p,r» Hi dckllllPC «J I L'TllM.iT re 
E>jlr« nj utile ard I j-J j- J ’Rcjubii-aa II hui hccn d n t#»j tod kj pjntlki aril i- 
.v.aiLri^i: -jri the kiacmcr Ilk pre-pin I us aJUz- ip-ac-arcd -iranr- -a nnn 

[K^undKu .j rJ Ku pTi'-v_£k4 nl-mah»-ji tuidrifr^Kb .Jrl ;rciii,aia.n:wi 

wmA 

■ CViiiiuii.il X1iii> J-iWi Ak.-i--.iik.rE I ..Mr. -.VI A P| ■■.alj/rir-u I ih4 l*m IZimiu-i 

CWSp wf I l'm En JttW mi IIhtS. K wl4i In W 

■ CVrifilciftl tl Vi v-.MII Sll. I nd All! Zidkae:Ui||Hi|; llirr-ci*; ir'.^jaar-n 
Srkliui jr»l 1 1 xi ri b f j Li-iiilkiJ -iic 'll hndnivH ilv -CiUi- -d ilx Iltmi^k k_im j 
VIAT 

■ Jitl/L b- llirr-.UL 1 .4 li c lining I et mu pc rf 4 e .. ramcrrci prcb-.Tian-n- r>J 

apMLlvi a i li'-tJcicel-- 

Hiikik^-fif iiB|i, >*ijrh*i#W! IVp-sri-prcpm r*uJ!h|.jto«i HuarWaw v..r>n* mtJ 

< 4 iiXi *:-i ■* iPiHfwN*. I JirPBirh tfg lMii j ftoi i l i l b ii-i lwfna 4Ha 

■i a IliVirK Nmi* 1 Ikpttfl >.+Hn*-ilMT'--:ikI £lplr MOKIKM «>■ ■%: s»'» inrcdi irtcU rflr* ’■■cl 
ei c ■■ c ■ I mi'nraa Ike rmrch liJ s tIcb-Jz-J Ii- sz-Jkv rir ■ dacrahiib lc- r-u e-id Jxd tLxatnJa 
IIk - !S^muI V, n J-i-fii LifUkl E .->>. 1 1 r. h- vT Mr .i_-.Tkii:- in periled -qta dti iidncll i-a Uu 

•CkTTJlk - i fT*-r.'J i ■ "r 

|V H.-Tn *!.«_.** P-il- ail.-..- 111* 

I Ihr Mi'mLbkrm lrtfv.1 HrAklkre In^crKTiWw Fin 2W. irepH »4 Ik S-rikmil 
nent c pjkl Irk+iKikQp Cssndi h imiPKc jl v » nft *rr ar J 
X .Slerdk. C crJ 'it-N-4. M . VUiciibi ted ml kucai.ii ard I ft sc kip nod fw (Lii-ardl 
law. KfcduwT, 1LIMD kvji-in WM, i-'-np 

1 IxLrdxi K II E J Ik Nr.! T W kirrriy. .■■! I 1 im 1 1/1 Hit*. iHUi^Hipiafii 
>.r Ml in IliBiu xi.- I jji-i. . - .■■! l.jrj-jr t ; a ppnwvNur 

hrlnifed 'iKOh-L x" Ij Ii C’wi'ciere.E wi Hisnkirin- ml Tnlfrii-il 
Vintner, i A Vnrkiri Sick-"-"k'|kil S- jht kI j- . |w r^cr I -It -I 
4. j-ckfiBa. H. Al . A J. l)*fcwj. I. 1 , i. .'■■bk. f ’ItreoK. ml T. L.i ra>>knL JL1» A 
pnit^la z xix ihukici ki irx x- un r^.; lirtEJckv xk! iIle-xk i[ .Tjm.'jjx« JhiilJ 
ill Aif.-dp^ri." sri (h-iUnc rcckra^i - ^ ;-j#iiiiikJ| 

J - kciff. k H I kilur- jiJ M n^raili; 3>1U - rkippldr fv.d'lrir atil ra£ai 
.4-^r,L,|.;,n-Mri;Mjd-«r« Irt<-r1 WriNfa^ diih^lJic - ■:4 r Tirfkd SMW 
tiahMIr J: 5it 234-BI 

b. I ! -"siKr- 1 J 1 M. L. L X UTicLci. J. Cii^m C. X '-I ’■■ kin. I.S. kurr-Kn. A 

IK-fjci IV, L UL €mey. J. L KdnakT. Ml L. H cl*. KWi lie Shred Xkhk 
'iim-fkn: Mdcaxcb .rii I c xti r^ iSM J.k 1 1 Macu A c^lit-imru id ccioxcc 
rL,..#Lli rid ICA.+I rx; .'.'.lV .4 kt. Afnjkw iv. H I3i-A.| 314 

7 C.’u«»..H </■! M | nTBk IalJ . ■ TH | . . 1 i . . q pr 1^1, I ..1 

Vp-I-II A EMpcfiflM- f#f I lilny^rfri- frvp*WL iMCi-f £-i R«V 
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J.Wrur , 1-4- 2-? no- 2MS .Uufunp NX! .'utmi HiMT. s->j . pf<r Jm.2 CIX- 
JN1M 

K Il-m-ar.K & . W I lll Sl ^«rr I . |> Cjfn-.S.H M|i ¥• L WhpiK \| I 
Srtarfr DL P ^IhGmu W. 0- KikL L [» Cik> . P. ft KicH»cL R Riw.fi nd T 
llmbr. j 11 5 TVc ntufArai ijiink' «"i lickHaii m. I r> 4 v ftn iJpt W J ■ re 1?>.N 
Monde C'fi'*1iw Khilm Lkjrrfj TKIJ.V frefri rri k. Z3ud I vn Haiai Siclnr.. 

Z4-3*lfei 25M-. i.P!ij 4 L.;: 4 Lt KVI. «Jnw. VIhu. Sh, i 4 Kr I'MK X. CIJ-IXIXL 
r H VliotkfTUA l! R, W II* Run C I. Xu^ar, T J Uur.LR M artful I M I 

ll^unLVf r XI Snkt,n t Ikini^g K M KxAra^iX K Rami'. I' FI IV.w X 

s.m^iCTPi r P. KjMLV. Tbrt**.T H*Nh.ml] V Oiic*. WW: IjiJijpiv 
rdifeWtu tfumi MiiAliiE.-n AaftMi •anJ n TELEX friinta JiftSCnsT. 

>n 3 jhJu Vl c k*.r . 2+ 2f CM. SJW. Alu|-jc" 4 fc. S I . . >j itti Aiffinr. Ace . pefsrr Ilfl.X 

111 I- raid*. JUi. Unnrari. W.il,. /Ini. 1 . uii IILkIu f ( I - JBf- "I uHJcii I hi E-a ai ihc 
llumoi Itiniri [jut I MfiKnui I In* -JiiniLiJ » / of.^vx, .Vn. 
il viMa !■? . Gtifc. I. *■* IDnuTj »w 

mctiMMiti n Ng* md wjvii cfthrirtoiiw dMPfcv prodirinA". 

lL£M H : iwlVr« R-.S- •Jpnlk'* 

IZ l.if rhnii". K I znd Via a JA .-IBJIHI ' , iiknud-;ur^i>Ti c4 fnl riab Inn 
ml hived -V KW i. | .j>> iui.:-J Nulhv i Li| iih:r lijuni, ' I ‘.•w. JW 

i^VinwifL XL L fjij. UCX Xlxi IKL 2EW. 

l b Xian F -H jpbI In i .■ W F -;]ln.i BHtllljl P?f a r.l ukk.>.|4‘., 

»nwH. 4WPIM - ■ J «4kTH* lUIMfP. ' VfflT5& IA1 

I* TVllwi. |1 lid Rta. W p “NfcdiM frijifft*! pvt hlrtl l»w« I «d*W ’(Mmi* 
3kd IXnUri,-- AHCt. fc&utljm Cerv™'- & Luuik, Uul, IAij I $-23. 2 ftflfi. 
li. Iklhnh, U atJ Frfx, V? .P. i JilSj 'X?+libc r iJLii ri« ly-j- Ji-iHeC -J-.-iaa irapmYsi »« hkJ 
miIsw-jI Iw-rw lui^iifi L ftnt. .41 ' LI I 'A- 1 - 1 !. Shall ke-rca 
In Man T "i i 5H1> i'mNn if/ALiil pwirL JiiuhLu.ii u ■' I ■ •aru.iaral iuhni-.v 
| ■ 1 1, 1 phiiL iV» pfltwi Av ri£i£ 'aslllLn£i 7 JPaiu , ACfXy 17. X o-U I KiXlj 

I- -..—m . «.r -.- ,« r 4ndBMhi ifffiTi fit «M4Tia 

Ikji liiV it^-itf PLKkiA ilhf rii drMk” i rtil^«?i-c-r.H Jc4 driici 

1 i L " rr v. . .-Ll X H h - 1 ) . bc>f J. k'Ki 

IS. Man. I.i-L i^H>> "lrl.Tp-.-l iwr n-uca n IIk o-i nai -fi iA peril irlnj |V-Tl r- uirf 
■aliJ pAUK Jiuhiiki ".i V-cc. .4 1IW-IV, X.i-E jI kr-rca 
I 1 . 1 Duhuk I'j iai I'm. 1 W r -Xal.r ud 'IXiuci' Ej:-u -nu Sti.1 Xni.iixi.ii inkr 'A'akl 
I lUilv llsrrrikfl K-Jllilull I:uiah.p.. -Jr -J-Ji - I X: -J jTi, ' LM. 1 li'-imkl ilT Sk~J.IIXii 

Filin fen ii| in iei-pt^Jl 

SX DMkidL Q. EML P . hank 1 L ir^’lK's ■.d'Mfe-el P>j»ld Furm L'rrirt ft'niJ 
J.>*db .' 1 Ptkk. uf ito ^ fnfvmaPnwvh 1 .'■ k-c , i l Ka*iK- L wyi La Liau 1 A IW4 iwj ‘ari^QfWBB. 
Jim 3HP 

21. f a-li-fxiih-i .4 IT.-. iia. al Stri jinik n 1 1 ltti c n-.' Lunu aed IEirmiu 14 u 

EuiTiuhiua Kip'll XaiHal Irnauu rl Su ilx'-J-. xii Tciharl lui. facial Xix* 

l,4m»«#3W5 

n SpJA. F.. IViU. Wf . Siiih I„iIW»L "Wind 'ifwfcftH Ufe F-IiiiImi tfWmU 
Tip* Pjnpwiw.' 1 FV.*.- .VEt'l. Btl PbuC1ain--Crr^m^. St I «■( ' HO 


3-1 



US I rn>, Tt r 1 1 1 . j i l _ v. i I! . !Imui£. ri , lid, VC F kiLiut, 1 1 . ET.W . jr.1 

C'ui II ■ud|i il unl eum) taluu of riiid jfTj. 1 -. .--ri a 

IWiir^ I h r J ■ I Kirt f Jjbil UiraifliA ~ JVn# , .^YTIV-' Vf. Staid I. K 111 . j 
M N^lkiil tevAi . V- 4 pn I HjftjMil i^AhJicJ h HO.t_ j i $k|MI nuta 

K M-R If-Hlirll II I tax . J«! llMp m ... .. r.l-p. 1 ..- , Mill 

IHw ■,-l'Pi|'iii-ii!Mirti.Kj l r v„ UuS 

ilnr tpiitp hi-iI^i-.jim -.ulU ink-, Im. - ! 

Zi't TI !J l!uri i 2ZC< 1 1 1 1 ■. 1 1 --< i ■ Piv-r IVr-pli Mi.ii>. I!i4 'iVri:U !k vcli'fiUBi Rbjvre 

JMC- 2 tt!l [i ni-i.*p 
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Attachment 3 


EKECUnVL OFFICE OF Trf FRE5IDFNT 
rjrrfi£ OF 5C*ENCt AW raucv 

m-hfihKh Dl J X.-L J 

JUkt 13. 7DDH 


Hir I Imi -rji' j: ll.nl tiimJui* 

L'lmrmtn 

LbumliiEf an Stirnc* ird ToctiHiln^j 
[7.5. Hu Dir ill EBpiWWaElfPt 
Wtkliii^JiH. D.C. 3Q1L5 

Door Mr. Oiwrimr- 

TtmJi yuu fx ytrtll ItUrt IriquinnR StWF 'he Aili-iniiliWnii’t ttfiviliih rt^ireinf; rb£- PianKIZI 
1Vmil«iri tmiurl Iteilurikn Pnt&illi <NWCKFj. )9|Ht Itvil win.l isnift iimnil *«rS«U 
to mmrijn ■*■*. wilti *i|fiiiJKjjii 1 m of Eft mid prapenj. 

Ulklrr Hi: |nnvKWii uf Ihf SUUnt, K.L. 1 06- WO, Mir ftnpKn iHtit^nk.y ITWjp [|WGl 

«U r('Ji'V,l k-i|ink:l;iv JM ■ : : 1 1 ■ I - 1 1 F- ij-i : k-H I fijl 1-jrd Nasmil i^il ilr.i hr i:lif:-.n.:.lL.- 

o6ietfc-.fi pT Mw p-npim ini rklis-o mk- tI.ji k' Crnrtitii In April !006 TV pe*j "iimi j|jJ.ue 
vu hd:n'ijK<d BaCCHEIHl in 30W ini mvwi j**f* TKiId ml 33llt Tl» netf Umonl 
nrvrt 'Jill he nhnuibd ei ite rdi nr 30UE or spnnt pf SW Thi' tftr |nnvAes, u hmet urine 
hjl It HI llWCIricd » iJj|?ililyln ftp lln rtipiiil U I'.'.und Ifcpim, 


In 6 e AdmiiHi[ 7 |i[», Me Niiiuiu] Science vrl r«taokij.j Council (NSTCl ftnyi in utpiximi 
MU..I. 1 .J J |J mil Inr | .. .1 ■; r n | ggntijai ‘.::i ilnj ■/,.& lull, jl IWlTdS ilK dlHrWP- Tile Feikul 
I^meick like, 10 ill: zXIzril pTUUftfcft. SI "ill ^|M*Eh U deiilnft nJlllV IhlWB 

„ll| dlMSUR Chi! l|^rot:h it. lEuriim/j bCOUJirf ITiiiy of <3* dinprj rf nshmil huinU dSt 
dnffifuHj K) tiwriil illllth'K hjf.jnl (ypci. P k irn ffWltlU l, did If. SPBt fdM5 iropCPJuhle, fcl 
HpiRilr lit: ■ -■■■**-> .ltd Impacts «l itKM llt^PPSil rweria.. 

1 -ulei IliE M5.lt: Slhcoip-IIIEV .11 | Ik Kiel Rnlujli-IiJ IhOX.I. Uli kll"0 mj miiml li i.=:i-.l- 
Unvp Ivt n Hjlrurfad. .MiilJ IntfriJIlM. dourfll. rir:-.|iLitn. iI.ihI, lie J lu'f. htlilUl Uli 
cClKkjlilll -fallh Ir^Tlipin;, buiUhJi: mil drtr-j. fcw. Sp-KE “-?3PWi whriiliil.lLiil Ji m i ffl 
I ■ k. j ■ 1 1 1 1 : i . HiUeMS], wwAi, Bumra. wotew. wililli*l nee, uid ipliwir liimn. Wind nlFwi 
tuiui; Jia mduibd uiklu luiei-ui:. ipciuoa. and itinkr siirth. :cM ^iid. Ini** iK i , id a 
Lhe coniKi all Isninh- Th: M1MRP IWti IuhiIms under ihis SnlvinrjiiiMn: 

In iwn af JWJ. Me ADR fMlilitted in iqwcl. •'Ciwd Chditeipei hu Dituin Jkdutuan" 4 k 
idenoned i mi ot eve rjidiinp ditlli gpi an i^ply in dll ticnird iyi*A They induib . 

| PnzvkJi: Ik... lid Mil divUSHr infnnmlip= v.lEn: .nil - lien li h rirfi-'l 
I. undenlHid ihr. miuni inHettei tluc prothcc e»cud' 

5. Dfn.ridp hLrnrJ rranemr-n ^nicuici j» 1 icdinotnpii!: 

1 Rrjikprixe nrd. luiultr 'rnUinbllny hf inwrikpudml Lrft^J ifJmurHIilK. 

5. Ai«HltsartCT , msi : h?™Ewr|(iliiiduidaifltli>(l5. 
li. itik-wtae betiiver. 
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'TllM* (TPIli C*ipllrai|pe-Ji sn* inknlnl la Ik- iruwrh amhumli in FalA.il iLpiik-. Hr 
dll r.vjnl iipf 5. in Kldnim. :r* fcjiR, iilbwq irmly pukfafKd a wi uf tue ud ipvifii 

irffikiikmaitjli f4udi Imi L-j.il III Ilk IiuluJ i>(ki iL I'likl In HKclrji Ilk :tiLJ. , :ll -IT-I 
diri rlii|Tiiriil ream rnjimnl villi it I Ik- FccfczaJ v.- ul^kk tur |/I!jil 1 rtfciiSF^ZH. Thfi: 

CTilJIHl cnnd ohlllrnB? *curw»i and impk TnnlaJnin plpm m ivjilihk- eni Ih: Q5TF web 
km: Imr- AVan.w.BiwtewibPc.'lil.icuTunK r-.'r.-n.- W* raroilj i»lnt* <t>* mi in^iinl 
j| vnipL-ii k- Mi.-Jn --i: ilim.. niki.a,#, in. ..ill ppejMrinj: lnr di lu*dC> Is Cil hbi *iy 1?r*w.- 

In din spm. wnriimn imp*PlJ Mly i-lqtrawrl inln Ihh 7 1 : i ! . - ■ .ini -jnenlinmjliiU pruetti. 

ArcilIl-p ere in Mk Ik jo pw.Kti k M-kili 4 k ik« ib iBf rjjseuvh rrluod » ihe ™im» lii«ni» 
jid i.i udiuJ. ilieii* hulpei neduesu utprupriueii- «■ uddeess 4u- inieeriud jptp'-j.” Ip mlikf>|{ 

&c limit iif iiiIiijeJ li i. - :* „h II ir |i in.'ir4r uprihiin uilJci K'^'IXF NOA. SSK -jrJ 

NISTMi? Iwlanniip a fHiril'din rfnf.w.im h in whiiiil I-: Miiik-.iiu-' ilifi~.:_:i In Jv. mm ; 
penkular r-.-v-jr-.h iniramem » a specific hui-rd 

R:r:imifl:nji. lli= ki±-LT!iii iicllc-: :*i Dimt^i Fiiilujra-jii. in I L. Lcp 1 1 1 i'cJjj n 1 1 S j Ell |yj| I n ft n l>i 

federal PPJ0TPT5 ar-d •erakcMl.lfn, wilh -in S-amill Aralciny uf Slit-em U: -r^ncjir ilk 
Uuuier K du induce-. v-tiich peclDdiralfr tcirns rynh.T tupcm firm jppinm. inanity. 

^.ukniu, uid u:n-HU<lr:iilMEllLll •.VLuJliiCa.m lu i JdrV.-v- link- S UfTO lr] il I C^Z liil.f jl hj-'jhiP ITd 
ci •: *!• i •• L-r nil :vini - i-. I'ik.riiiilij-lr^ Iikiti Inu lie. 

* [tinnier fi'k vbmijrr'Tri in m Agr- nf Cl™** Owns 

■ [*mlriJ:nu y vpi :nl l l mpt-:h :i. lunil-M-JlNKi 

■ I 1 1 . : I . I ■ I : Tin I k-.ilili ;iii-:iii_i:Hlii) . :i ill Diuurr Preen jiI.l--- In die tiuir I'.cj-. jit-pi. • ■ 

■ L":miiijiil;, Ij.-.i-lti H:-:iili:n.: 

- Lnit, Science, and LH ids iff 

* Lcuuns- Lc lined Bkiween I Inn jr-. 1 -- [Torn liugn w L’hr Icy. f ratvc j. I'-tip. uri iar 

* Lnttfuefl j lli-dsier H -:-n 1 1 -:-n Amentra- Crand L helknp?j in SeirrK* jit- I <vi. 

■p llrurardj ** Iv Spdijf in* Dipp’ltr Ln*»*p "Drnnijh l-pmvtc. Fjtrih Olb 0 Mnn™> 

M AliTiiiu .iiitiv.i I'fTndicRihb ( 'll-: iiiwii iltuu 

- FrCm t -,::i Jl- LU Wdlfci. Iiipp.b CU Stt-kIS mi J EtUeuiWr 

- Seu Ldwil Hie sod Cursiti E3b-uuief; 

A y-lfli pinned ind l wnfniwjd Hi hpjjr*'' Pflp-nn-h Ip- JPWral 4i jslrre pLi.-in* wind 
Iueu0> in the cuae-jL uT i*« itcural h bunk is :» inm crlenite- vtif K> ondbliih nram-h 
funding pHnrilir^ Thip .if^niuii cii-jnt:-. Mill wiiKb-linm i ML I h viM b± Ley i i>|i- LkJ d.> 

pifuMUiCdd uid tuidevL 


SinMfdy, 



Dceeur 
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i-Jti-r.il !u :'»4 i> •!¥ nc- Kffrniii ui 
<¥«« P -MhOT ■»« TfOPfMflY fQUSt 

wwr 


I 1 ?”i iYJI ItlRifl ll-J 'uTi:>+KJ-. J Iri'lJl 19 IN' I'lfihd jrUlfl n-H U WHUDd II 

li in | n Tirfc ii Irlni id Imlni ■il'ii'i. |fhdr pi^rrik-i Arvirr.nl 

II J#.M JKH I. Ifrjn IHUi «£• Cj^X iiiiliv Itiili lk4.-dL 1 .ITV.Mbl 

rji'l.i^r. rnuL n. jaJ nri 1'in-i vtul ihr lbak-1 B . jn Aiiauf thrvr iiwv 
IH|linvtMaUiii il il I a*Yri I fllJ a .iWiilUri. Hlriirsrlr'i kff+u-.l. ”¥r 
'jj.iTrn i-t mm l»vnr i-da la r >in| u rkni ■■ -lr 'Aikwui 

k-iib-c jiii lii(b> +3^j IjuvI iMITCi if|»Mii rh isqaiiM m men iW &.> 

l-r-Jr-iiJ Jfrn ■ r. eiii ilviiar irinlic i nh.-Ji ars m ■! * iun ri mii j M I « rj.a -1 
»■ rv-. l i-. iu .I tfkun ubJ k-.iiaHi-fi i> <vJj» -Jiuhn 

Ei-irnkfef-J In'rfdM -filirfi Is ilmrln inkilin Uii^I ulnn jbJ Hilt’iiu0< 
i Kr wti > cn ■ ! Ah-WI rr##*M(rt h " kttr s in wr!-fT-pr«Tv a-»Mvriu|r n 

UMIh i-iir H liuul ).kJhr.,r. la iluUn ■ nk I ki k llil ikatinl 

•inM CWkrmn M 'Jp-tiri ndMitai*#pn**4f»i Inremrt (■ r ■ a i ,-i ■ c r>- 

■ ■lilvd hbii ■■■nimlila UHakikl Inland^, .'ik'r-.-jrJIr. Maa= 

CHiPmpT-HPI rif<*T Jppini ifirn lr imw irl n^"nrtwi-lH»m.'iw 

Ijil lir. iu WlVn ii iialaral t i tnJa_k V .lr br|^Evi‘i Iu.j-iKjbJ nitaala; 

ihr nfcTT ir+wiiTTfe pI cyipi ir-J ■■ n-d n-J nvninr. 


U-KfTVff. 



[Inin i ll r i ui*nr ml i- hiiifr hiiv 
'a'Hla'a .Ikhlld lE-ll# K i Call 
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Executive Summary 


L^a> lypn'JN jnjrm Bi ■■ jp pa -iDi c i4 

■tKttt pfI *- f ■■***• fc» ♦w*rr r ^™r- 

liaibnJlfW iT'u Id jp - J tf i3«nVi fa puUkaTi. 

'ctw.tk. j*I fttv*ptt ik hn rr*t«l ikrrMtki >4 I»t» 

ip: ra- C yi I I M ItfidiJ i fhrffi Pi. I-j I 1 3a, i\W ■ i I Bj^.n* -±L- 

iipm miRi n ik \ pnur Mit ■m mf 6 ->in- JM 

eft ■ am IlfakrA.^ iU krliiul IBoXrtf. 1-1 Jl 

■wtfi ilHif-*ipia:>Jinh. liiRELcrmuon itm Nvik 

3a- ryvli-ij iHIalkVi ild m-V.n', fcj ni&liall| Clsfc -Ai 

jin mJ hirer 

Hu vrfHirnii s-r Dujiui kinnHlv Lit 

■ luaar k-i -J j vi ■" i Bu&k-i ra Lnl ■■■■■■■line 

■ PrI'i-kiR lpkCjBife.jp; in.^,1 pc~J kBl I I A-I1 a.a a 

■ '/finrrKi ii isfc iswptKr i Imur i^vrii 

K ■laiaiJ 

m kplirUuhji rHL jur-ukr Irrr.lumk ui da-* lanri 
■ el pjBTt ;l N-.IL 

■ i'cnln k-li.ni' i ..lahallnvjla ira i UlAaB 

tr>npt»i h* IfrriPd nnvjrvr rim j luiri «ttk 

Ian fi>nl 

H ■ | ■■ ■ !s s a-i. p pil n ! ii h f. in lia r* . - c | rz I 

m k t- 1 iiriLC’fvr«MLaq:ji MJ twli vnl funiculi 

■ rleaaa i ■■ ,m mam,. -nbna’r jU Ihra inker k-imJ JIK 

II 1-41- -II -I DJ £.iil iJa UlmVl HL5 Iflfri 'Dlililpk l 



■»>.+- b I a *■ ami. (« Bra LWIr-i rad h 

««i« ift* WCli-jli-tMij-'-lt'i 


amk-j liaa-nak Ira am a in I hnbiil ar.rjar al hi 

¥»Gciiid iitHffi >? ■■!-»**« i rakcd-sc 

(tad ChB.unCB la-PrerrldB htwd Bid dim Lit 

PPraaUk* m™ i| la ■■■ -ih ■ . . . l- , . . 

xJJ rilLI^JH lia iUdJKli Uil I N id HI ririll'jJJaii i 
"wi+Hrhn ri*Jiw linimiiri 

.l-jll H i ri J JY JJ iMiJbW Lit jbl aUCfa Cf ftfbUUI i Jn 
piFT iWKpr". It** mpadn^cthrnt, HpJjpHFYrtdk-m- 

i>vi4-^pi| td apriinrd lM rrj^ra i >ii ii nan/iil h 
pr« 14 kptBnrri.c 7 rf«v 1 vTn*c.jnl imtr rtnrtKm hr 

.aLmmd 1^ dal -ri3* ti*. 

jIJjtJ ihiJirgi n - Utf tialard Ih ■ - ibIltM. 
*•»■+)«•< 'Ma [*«•.!» imIi r-i-ii-v-'i.. • « 

aaJ |antian -J n pta-. JaM pijJ ram aaii naiaia faa 

^n-jv fc*w BHVTti si i hr unud ppE-inai »Ihi F-rxkMi 

uiaife jiil ijiii'LiibI '■■ jcJ Film idkuJ |anw 
hk-t-^Ta kUitU SfW la dm BUI fc-P CllHltf 1 JiA I n.i-f>- 
rj apa I |miplikvnlj|d irikUnl iiripfi Ikii ujynl jl 
Btlznurdrf rd Lrakihi-^ruii.-ii main 

[■ripvwv jcliluaramiiril : I llariBj|ra h 

***** H**#*!*#* n- P**i4ap Mq-wJ Mlkpiiifei 

HlyilqkK IRC :«-:ltl3l3|H!K L f 1 -II M in hap 

'IrtAP IPRI *P*»I l-k'irh unaiM'- T*" ►mF— Btl 
i‘aal BaPJlar-. Jaall klfkilrii ajkalajib ail riklb 

!niwrf tribri-*i Tirip-r-. it fe dif. kurt^ar [durtciri 
Uil| uni IUI I n'kf.Ilk da ifefej iJ Cafeibl lulu la tk 

■rtKir*. tarlntaiki RjrhJi *fwiK»-fnilrsi 4 rvipi-ini 

■ idnUh aal-aul Uia'kan Till n- H i id U iluj ^i V ■ i 

■Hpnri imrs DfTiPn Ii Ihib^'i* vm 
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ly-lnfi re hkI r ■ Kflia nuiKi iH m»»rh iha 

iWiiJnitil)' r^uj-l ni 1 VII laadaBdU-.i iWi Jlrjlf 
T-Jir-i Hfj •■■i kr iy 

traari a«h n| i ■*— nd ndvzv 
vuM-ulltf ui' rx-dMMJni crtlkaJ lalnilibcihrk. 

JnenifllUSi JdLHIIa^dr fiUHV Id Ihkxa H HM> 

iri ¥• ',™ranifc* , p TtilBi ppc- 

li+UhJ h El ■ II Li I riel hi B L I i ll a? J- 1- L in 

ItfgrifJiliiBrirtihfl IM ■ P*»*-»|.lri T | 

•r. I i.Udd* .dhdri, rtiiUV l|, Ijb.VUI gul «ru* 

nT^THni HBl v *aic M ,% "ri w-ikt*^ imi- 

•Iguixkli L' lk las. uLrhd U I'll Jjhltf: 1 1 U I ijI li hbiil 
W Jilih^uAlrnH ^irlktni ijl liuinmr 
^nUxauiu iMjiiijfaji ii-ai hi *■ b tin iicnkiii ■*■ 
hwl spHvai ifkTEMfj 

liNtidlHtaiiiUiHi Mlif 

L'.hldaic Tall»dL pAn J J,.-!- n um ■ naLnJI ib-.i 

iiiv tailipTOmfiTi jrd ihr priri HTtn n hlri! 

rliflir diilili ■■! airirhi ha jirmi JuJn .rdhi ir 

Wl#i rr-n-ani i *"• -t* btI pnptiih ■ plir 1 r»: ilei > ?t- 

i^iBH r. I w J b- h auadaha iqin v4a IM a .aaiHi 
Ur H ihf-nZUUtlY^ hTil 3 -hUIICI IHlmH "fc*. li 
in mil uppal hi r'ju'glh aaaa g .laaaiilriiiri 

JTi-Mii J r-d dill h-i J-.IHi'j'filW' K-J k'-. VuEa-UF-hri 

lal liH luah-Si laiiiiK nl ini i^jriiWn In mi L 

tji r^r in i berro Iwfc. ptfKirqj i ha rfy- i rri :I^uh- ii 

n Ian * g-. jlI p rh an. i aal viad iai g la* urui rminl 

i-r-j r* h w. j +li k> -Jt jba a»J mbr*. 

(ni OiarjHifi l«-Pmnei»rfchk4PBi btivr li. 

»■! MttiMhiiii 

huinal ha mUIVr IvniaUULfd. n«i JUUmWiUral- 

up nUMn ikf^ninrr k> jm,ir "rr+ -wtf: r h**n 

TE-bn-tilh.lBar, LoJJhj l^dlUUl k. p , hanadi *al r-iilr 

-np"Tmi Iccrmriml iMB;p.f*Jii3a ihr mfc> 

T j ah ill hirhi llAiv^n. Ilrji till (aq^lila a lin 

In inf»»i appr-p^iir k* Ci a* I* mi err-. iliMji 

^Mp'i-fa h‘blf ihub. B-aB II4.H.A3 lapdriq .ru-h a.pt IILad 

an'rtt vrchnrcIrrF'* 1 !- fchiHp i shr M lij? I»ti 

ib 4 ulnar iri.'i I. 


iWyiMhir >■ irr-f 1 n» irrljh-tofii dPtr-imc" Lfr 
Hr XjJaii i_*i jL L'uuih. hi Uftaal id I In* 
'.VukI . 1 u I' r.jKi Lfy nmurii lire mil n-Hrrih i>- imh- 

and! la ni k lAknlliirln Irr ' 4 ix isisr" |ai b ■ -Jri H k*i 

di ril bvrti . Iiam nn >nri toil ifer p-1n''w1 mi 

ib ilr an krill jnafdhand mi ai Ail j.Lg i la jiiI abpla 
Hi kHp-pvn Rll a-h'di r I II BWI iF.1 I ft - 9 * *3*. A 
aridrCn |4uJi ir ilU-ah^ikai aal pddh.YaP.Wr 

piPw^Bpi r--:hKirul brmqpru iJ *n»:n hkI ■ dl 
H ftftt-siiStflr vMiill l*fepF«' r*-rnTi 
i-vraa. npameir-idiiHi'M o4 ihuiv-J r^kul kudti 

jail In 1 1 i .i.ma-ii li'iahbm IV ■ lail'. lu hijn 

fei I'wir fertKisriinl 1 1 lu ri I- Ihpii Kilnvrirt 

T»h«Tr+l P#l#h 


Pis • 'i HiiirlcanC' 


-ini IP.ai p d+ wtm w>i 

bi 4 sj Wm i ■Jir | La a ill 

-.-’I 3b- ILL liJ '.-dial iw 

■»#*h *w Uni 

lihr a 1 1 Lr a-m m> b a>.-d 
in AX4 rAanji ' c- hi-T-wi w%1 
|VqaO r hi A9 I. a irp-diai Iha a Jaa> ul>4. idnaij 

r * 1 Ldl af i f -ii mpis.pi ..I i -a t* -ra I'.^a 4 i.| % pjb~l 
ai'la- hmd HJ Wi- hi a air. d iaa duiaa 

u.rh da dd-n -.1 ‘ ™ ..d Ih. Ih.a.l 

/fct h‘a| I I'idi B-J UaWajIdkaiB id 4WWh di ildu^i 

hi m:i s-hp *j i ha Iwt + ■ -»d % -:rafeifH *» 

h.b^b-i»I n-|-y i-i-Jrti h- i hi K^vsnlkniiY 

l»r Jr iha'ailh -JrbaLnl. nar+aaav aad trBd-aanl 

dfiawiMiai h-»-N-H«r-j4+»- . laowii 

inM#i ru b 1 r-M“- »* iN hii r^hrw 

tiiirlr Iha ■■ UVnbrLp a/ha-al-Br^ai aBnla dal 

™ 'Hi H— 

Uadlla aai>qavd% adj Ir W> k a. n i a h-. ■ J Cb-ila-ar iA 
(■Ua| BBnd. ival# i.bb-bb-b-, .bTB.pj. -iiibIi |bi 
irUli idurff iMkn ffd ill4*filiii'iBill aSVa 

P P J WWtB. 
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Introduction; What's at Stake? 


E Ali’irjl iuliri ill anr m 

"4 rw?’I IK 'fl«i li Oman v. 4 e UaMEfaln- 

II InEh £i lin hal -lull'll JT ,hBi M a r. p+-»J»*- 

^TF'JcTJL^vi, uni tkrm«4 t*^Irp«?FFipn'FT 

Tl^lu ^iliic.1 nill railLU Id 

mm. m ii jt: nn In* rrwiH ml iMiy ta niili^ i 

ihiill|i v iuludbi IU EfaluJi uJ l4if, aUAb 

t-+ft dr pmiri irfwa 

Itomfcjra fM ■ it ti-tr vfaTi c4 i» it- •**. thr i riE3 hn 
ii.nn i(.i?ll.qi hnkiJ Itnh m il-Jin prijH ui-ipp 


jbJ Ira i-aBq. la inkar ILr bn i-l I I- jbI | r^rai iIib^ 

mr ^un'k- IVipi. In tT afini . knm ib IlnoJ 

Hiiri v 1 1 U nraa ■ a m . n fa wn ra fa vrj ■ In aa I J'Ji Ii 

Hjtjpt l ”‘1 ? l^TT- TTH WlEfKI ‘lE^ t-W-ir'lHWTn- 
ilrXfcli facial IMJ ifajTnXlifaia'i:- -JLM -:pj\a 1| H F h pH fa, 
TPksr Thi-nxm 'aim fcrp 

if fa.1 LTBM IU i-h iddh' aal hrl ■ • + * k. 1 1 Jafa J la'r I IU 

«f I nlvrcT diHi^rr nlnwirl Hum Iijtwt ihrSii«i 
j 2 L it in tea I ima 


llunrdt in the Untied S i.ilr -. 


1 ^ 1 -*>■»*» ■ R RBlaahr>(- pil ma* 

raitl rf-n'aa, iaa- ffep* at Hat „fcfa-J YJrVlm.a-i 

tIw nanl hiwl Rtf *. s ifisfl i ™ n*-- +m vri 

■ ■dni bwi IHmr li ■ ■■ IH I A ■■ Hr iapiafa n 
ii r-| Jra-f, . i aa-hpa l«.vafa.!w. am.li na *■■■ 
piBi ^'L-rdBiia-i-dbR-^i |M*aital till li-jfcT - ■dn 
H-lar^UR-ri r,i -lkai.a-.-i U-i- n Inapt* i* ■ 

EatkquJUL. Iji fa para. Ife-lfarim ‘■Lira tM-a-an llaai 

ipw a — "fy-aw- jb-L m rca-jr, :pw Hi'diUr ih 
p-M lari la pdifa-J PJJid fMHH, niuftlj lauu- 


°Wrti lfa.*kfc--r' i- rprf Hif ria aaad.lNu r r— frl 
Ihn-lufa-'a uudii -fai lariiir r.iriJrlV f-aafaai rtfi 

frmn* 9 ■r T - i, ~' ■ fc -"l i"-» **m. 

■■p rrliai A inur-ar ifei na-di iaai| Rr |dai ■, 
Wl *™ ipafcnAi a ■ anaaii 1 1 bra 1 1 rUn lata fam a 
ITiin> ilM jarilt-fai'fa-EJiil a-n-Pfa ji' Mia id pd 

hiHh.lliimr L-iwatwflii hj* k-k'—j 

matirw ai d J la n ■ t in ,apj- baa uk an rm I. a 

uraJ n« aJ ua-fa-u idtr-fa liv’tuRJt# ► 

iwil.aTf ia I i in Ir'lr -raul | a-nuir raaldi| Vaa-1 


"•fa'i*”'- -bM.qh faMi- i i#i I*-* i’v ** i*." “ a- v§ *=**»»¥ 


■ ikaeii-nlaia a|.-D>l ■ L-^jb a i ■ - ■? I l|ub- uia-K. .•> t 

" w ijilihai«ai«H , ^’i 


IMiH ibnal|--rf» ±ri,n>rfb-ai 


rtH’ilWMilii 

pqartfpvi 


J 
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ifct fc >4i Vru iiaft-ra-ite 

■ iul hr..i|B.rls lid'linkaian 

l»&Dfliti-awv-:nrny 

»H». tom frr.k^rn in 

| a-»djr ifi iir 4 k i dill ’KiTl 

■ 1 *n *•■ 

I tr. iV 9 #■ JMB I J-ln WR# ilCk-r 

^Nvlhnpvv W»» l> w m ~' rrmtJm 

KMi l+dtilfri UtuHI. 

suit i m ■!, I rj jF*vr. m » if nr v m 


i l 1 J ii i lal ikii|Mir 

AWl ite lh»u| *!»»«« - ,— »• 

H I ka'iWk-i. krmUi| I h - 1 1 nfc mmlf 

—p»n 7 * W P~ 

Jivb iii iwr insaiir 

•n ■IT l M P I u ri MtHP •*« 
Iul -xv- X4VT — ■ v m 

«t I la. IJtp kl I ■* Bf*. r J Ud 

riirr 4 • ladf-i-rf--! i' ^| t- 1 *■ 

DwH-rra* * r*m 

CTigewn 'a qpH 04 jknt ra ihj* 

WibAbb |nfB avnuhj*Bi| 


luiiBr pn nln B 1 1 H. 

■■rntrifcnH 

T« tnifalt Cl L LilK&rrP l,mi 
r*v+T II- PHr i j 1Ut v-hi kail 
«a.v i'ns*,i»i mJi «bii. 

ilfeJ x ibhI-4. mhhJ tfr+'p 

r ■Rn'iN l riiiv-ljrivJ 

ib hvptidl h"*’ h Ik 

f«< 'iv-wtomi, *vHr4v 

kid fiiaicB, "i*!i ua h nid 
lip 111 | «■»■*, J>'*X l*S 1 A---*d 

Liar I, jm ariikjinJ ib n i ji abrvl| 

nm. w pin. 

*i^r ■— *, -* I fcW, —I 

M kltW! -Wld. 


'AjUIlflC. ■»« Ik Aar I ‘Udr-t b.joi| 

h*- rr« i*- ■*■ -rv -Ai *,w nrtna Ih 

I ■ n-jllvJI inf, .n alir-i ■ 

I ■ “ i* ■ rfV + Fi" «>*, ■> -H- ^ I « i* Ti J 

I a- •■Inn Bay vjb bb ii^Ibii i 

■CfiHpfy*'. Gnfp^ !-.**■%*. 4afcL 

a a 1 1 ln-a kTrlrinlll'BKB k i U 

Hfl* P# I ill-HXfraHVlpi 

■ KBBBfi rad b rid 1 jii|Aib bi b I 
rwn^fc ■■■--ri*BBLi 

I I ik-i ikf | UiakBARimi Bl|anhl 

ro*«i imaqriFtii N 

I BiJfA- "Bvidili UIWli Hu! 


Wllliud Rfca. iiur MHri 
I ■ %jv # *■ •<# <nikrtlni>-« 

Inibi iHBilnilidi id a n d 

*■ ** ■ m v*l«* ** » ™ 

■ iBi' aal ka d llt-BkldBlila 

H# «p * np »J :*wr'.-r* 

idlaal hr lkdaa| 1 r an An idf 
W«. ■ ■ -P ■ » jar.lb-B%.*..i 

l*a-L ft* nlitrlrrnl tY rtWJ 

im im Ufl-pTB bvjb firr-w.-i* bJ. 1 
UikllXi l lh- II 0r-i'iLA-< !■ V,+ ihr 
IV*. Im !»*.-•■ KKQL 
r-J LiTnl I ip rdll>jl Vr-rji-k-t 
■AmitP ! h'i.HB'. S.i r.r« U-UL 
nT*! H! HMiilua BT III Mt-* 
ka aklwad kr B^fniaa 
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Grand Challenges; 

A Framework for Action 

r.|MnrMdF hlli kj.il fjfc hrdni. Ukl NriT^an’lli 

r*prm in iptHi cl 'hr It: MtamMis w 

ILu-Jn S<r-Jkal-B Kirk Uni lid kH. i.-uLk'jiiiL!.lu 
■kMW-rrll-ni "tfiMinr 

■ ■dk-Mii Ihiot^i jv inrgmLKa ar-J utonp"^ 

■ LUIIbJJM Jl IbA LfcPa #TfcL j lUJJHCvTPU 
fe> ffirtrcri 

v h fc« -+!ih ■ >T*iriir-Hk lr*-T liirw^b- niKt hvin 
Pal id triKL. 

■ C-ujn.rii nr . nntrinn|nmT iriim 

LHiri. fl n I*-: jihJ tf-ranp Uki a Ituiid min 

I m paiin I 

1 j Lbi-.-j- I, il-r. lPk +1 | klT + 

-a JIFa£la.lff i.lii U-ljJrfVj* Crk'i Ua kbilji fiPMIf 

i^wHiiT THBcCnori Hh^'v inp+r my 
InV.j x * -a i iiii n wudi pJura Uf . ■ .iaiiL.j ui 
jit! tlzaffeftiifflcrita]qlW»lDp Thrp irpm-nr ar 

rlfcal h u rilh uia ni^ani. j- L^lLir iXUlfe* 
•rrhnrr j«i tirrurjtn^irttabrri 4 ma-i 


Psasher r-'in carthqupw 


-i hi ■ r ■ ■.«■■* *+ nira^ 

■ pi-#. Ihrli % 

lL-f-.ll 'djTrHi ITMlil b 


fiiw ij rv Mkftf vnJ-j a 
lap uk*arjlr|ar #ili | 
if* J*l ’MCfel t* #H B> 

• ifc-fcA I IU In- r.j m. 

I fit rr.^ a, .■ » m.M.-m |a^f|n^r 

■ i gk-Un nflgmr aril ■■ tfttaar rf ■■■ i| riuJ- 

ADtoGJiWtijMlP *■ M -ji- i* p>» >3 '•'> ■ Ip 

■ ■■■■ llPNpBij)akidiiaiMnir«ia| kii ■ bp 
rWPP* I PJlp j p pi.wilii* 

I Vifi iaaa.* to +- 1 kaft'ufUl J.1 (alkp^p-akllaaJ a 

■l-Li 1144 nJpi ton 



Ink a. | aji ipJi J lea hin .ilai.ii i ■ -i ■ punfli 

Mr-. r --+li-^ r^!-5^a'.--.-- alM-.v 

■ ■ li-lnli llrv iailk ■ aaLw pub. bmJ|dfln -ail 

pprinu p ’+■? mtp l-rp. cifgmp Kif! 

■ ■ ■ aki ail ihu l.id Mdll aiJPinMIa |PJnl 

+K“ » .r J ga. iMTjdwl **tp *■ n** «! 

Ifii dVr '■ I^hu M k ■ I f !■.- 1 k 
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Grand Challenge i 


Pmvidu liaiaiJ ,j;id Bluster 
I uloi illation Where and When 
IL K Netodnll. 

Tr.tfcrltr ■ ■ 1 4 1 ■ ■T*' ’ Ik Itllirfll I ftp 
xiM j n-.-iu-iin t ir .nil inc --iiu ■'- J kn cu a ad m pi- 
uln laisi Ir tnalh jrjlillr i i fealiruk r 'V « a— i i ito._ 
iibr^in MU|Kh. Ini i n(SKk n. ficaer^ wid £R.-U>- 
Twfrrn- rV’^T" * sr 1 ft |™ «■ p * 1 twr*-“i tta ■ n*ri' 

Ui hi r+’-Yhfc |-Illia II i-aipiVKiaP.i a. hi mh' Ili-iTli 

+•*■ 1 »■" ! ripii^ 

Cllllltnsili 

lq]»pillil l llit-'l i EC II I IE lllb-H L ridh ' L'. 1 1 d 1 1 1 

il Gii nyi r nHih IhiiA vnl*L au 

■ 1 It iiii Hmi^ i KTiiihii vn>>i|p-n I iirlmli. 

ravra ni-b-rmin'cy .a iki ujjh toil trail el ucul 
■.■anteim- SnH*n nuri Nr*nc ce# nfrrPK wink 
irdiiiia M’^L.r ipirJt I.e r h i* -.-j Lui k • +*. rri 
b-« nr*— ? ■hrvpni 

Ir-.t'J r,-k -prii Jh IHOfl K- {TOYll .--nnhla ll ITri k 

bnc *““-n hurt*! "■*! p ' f. r»J liuipj hrecwrp, 

Hal ■prH.ini^-ln-^hUi HHT«yd|tto 

[Hill jLmdnti Ie-t mill r- alcilri nc 

MitylSiif 4W*- ‘*nr4tr#i irnnc-irH rinirf 

IimiI rliH ala J rani la rii lilnlvi Lul lakaa-i 

i#i nr.N iiff-lr lantoipl ■rliiiinjjjm'i pirn 

ailualr MJi lul iiwiklhl jbI in^a luu^ria. 

I'raimil K-4i irmd nail n Lam' ihr FiipiHd 

au».iAjiJ ■‘HiMk-i ■ i luLaC.9-UnlijiUj.iiB ml 

Ipb-ul mr up! i-vri sMm 

TE-mic m Grad i?uJii^i. it* Mkrwraq kayir Kuril 
iciinmti ml in hrm ti p.+.ot I ikcim: 
tv * k l n«- J 


Ksy iiHiith iicl iimilai ii - : j . . s , i i itir-Jn 

aphlHiiid rL^^iiurini »irmadir»|iind 

ikUiBklku-Aitoi n I lul | a .ifak- imi lir i_r j Kb -b- 

n uAli| eJ I i ^ k» ► - T»-i i r -r i . - p hrrr-: i r* 1 h«- 

■.tod f i tail tjiuf 1 ■ , Wri*p j-r&toi J| ka -a-Bi-.iU'-k 

dkluu*JB tnvm-Bvnfck lira fnn m l»- ^kf-rs-ec 


famiifiartoik mwiMiLUi KJasr-iiuifuir^ 

hr ■■ Isjfflrrnl ift -J n 

B#K> ItiliiJi *t)t hWWiifi-l) E*I+ ‘ n mj> - ■ . 

■ liLif k Ij ■ iU ■ ■ ■ ■ l-j-i. ■ >l I jb- I lari ihLi ps-j. -faa- 

htcti nlmirri r*>Mi ha knrludm reiwf-®®' 

imnia,| ail upl ■ hi n Hi ■ ■ - al a.-gji l#p iwk-Etn. 

■ r%mirf Ljp-rml p r k f hJ mnLuli kr<iiu >Jwiip hi 
9jrrl I ua ulr ■ il kifitlliii I Ib v^ihIt ipliiia 

h*rMi-lni 'imy Ger-pHjti-.- N-iTiuir ftvrnn J _-C-i 

bib', i klari l-rjiuBif^rinM P.i ari aiMn.i IU 

p-iB- VH YjkLHK -Lin ^ L.kr. r Kp#i-I h -'«J J.l-1 <IP> 


a 'ii IaJ kii.BB.riBa I La nai 


'c 1 ' r 



DlSlUei PfffflLf: liunsml 


Itollf4« k-A I* J -a 7 
latonriliBTyLvp 

■karia'ki a rr i > I -i Hl+i 

hprlai r-ku- Ikna ibbibb 

Iki Itont-* fc-. M'PjL <h 

B^prick ■ I ivrila UIP 

IKl'tonil-jllriH !L-b3 EH 

’I BB.-BB I I b 1*1 { -E 1 ka bH r. > Latara -a n ; hv-- Hr 

whriCf nl L*k»WH !»lik*' i pr-#u-*n mi mr 

IDI -r,4 1-V-IH.i B-in-lai toflulk-'aBi-j iiitJIbs- 

rt+.ti ilri inmndOv-p-lM 'p.h*i nNr- l$ten_ 

! na to= a | q arto ill litpii IHH Hj' Ua p-i-.. |n a n 
IfcHlkto *4-V •:«¥» iHIt +1 

■» »«a«i riab.JB-.ijfl^. i H 
■ aJnr. tin to.rtnIVi Ir II L toitf Ih iDurit-i Ir 

fnl" 

IhIiAb n.n aunlka^lu aM *r a ria U 
I b IIbh b i trm hath ■■ LLikui BBi-i 

Hrirral&iJ Wiairul lari i | aar Ka iMr. 1 !ia ui a r 
MfcM # -l>! I M ‘M» 1 »^l! ■» ■■hrdd-IPP 

raaia-.a il’jari Hub- uriBiaAn.li I u.- a I ili|riui 
l-4ri- u| (*h«. t* Hilrad pvh*--to«.i ■■ kM»i trd 

I n i «t a ii | irill prifci i. Jk I'-BtaiB lul la- tipn- 
rvjtoiil »y ■ ui i*j» C jnl iv 4 miamv -jrJiir.- t Ms -1 to-^i 
il- Ui IklU nkjj'nl bU ^4 + qaalr- liniir^aS* 


+ 





Grand Challenge 2 

UjiderMand [be Ni[urai Prncu s s-es 
T ha( F’lodun' Haeirdi. 

Ii irjiri-l-m .-jii jil pni^an P F»i»h -if i~mf 
Alii rsej iiidiaa- hi pUrfe t-febh' h#iiiil H Ifaiuliri 
f'P*K'lKf[*rrlHBrti aplifiplmltna Ip* bfNpi 
UU d |+r,-iih.i t+iiC-V laUlAu. ^iWiliU ISfed 
p«ml jr.l sah-ainl iaalr+1 

3 uT IffnJ jl ITf-hA^J liihnU^Jil | J iiihihi^iuliJ 
riimTAP ii'niP H Hk ir^m. 

Ch»lknj)4: 

Ir+isri-* reddi jiid hlujji aulai BAchnrQuci. 

Lnp--«-J r>hkli j pI nidifcuM.j- ij>m- rui nu 

*a*j-iUu ra wr pul V ii rr«f *"l 

Wit Ih-a+j b jppMl hixl liMMii IMJv 

■ FBTW.TV+T* IWWWl 

Mlliab-UJ tTfc.h.i’ kff-fcXfh-ia .MrAM iiiiK-k h.V.Klr 

■ pjnrtJ'MJrrrvrirpF tic p^uPK'niPiT 

iOLUl P«UU i hnu hiluM Hhi 

pnJkai ipI «™pn 

lulTft'rK.iukuf'i UikUKI (Al U*urr uirlh 
Ivieil II di I.uial-. Ukr.i£r Hr hdfcaihqj kr| mrjil 

"prFrKrn an-1 run T lrr+iv rprsncnii iK-raar 

Ibi f kkrar l 

K*Y iiiuuti ininmili. ..i 

■ill! L-aJudUl ilXal. I iwrilkJI ti I uU H£d ril 

p -1 ■ r-nri m |h-vrhf n I jiipnr kpijiirp ■■■'irli apl 

llUlkUl-il kit*fc|.arl I »■ j -1 - 1 Kh. ILLrlr U a 1 a ■'■ a iri> 

reikrnpnrisr ■ I l^pli^rmn, n|w 
■^h'H tail Iklrldi I Sr pi lid Ja-tXlW Lhklli hi 
B—ha r i-run ii ■ '■■^pr’inliili ha i'jrliii| ihrv 
I a -Cali ■ ILJMH ■■ I JaYr h- Li h IBqT-irln ril. ..£■, Tuk hi 

ot ftiyHui.cknni. ■*|hk'*?fktf |,m iwr » kifnMri 
£rJh.l aliA.ilUJ'bhql -1 IklLd C I CASt-lap) la»a'kri. pfc-dr- 
**T rftfmivy |p ^ry. 

HTT ifildr lihWimiU 

Haf- 3 1 1 ■ £ h r ■: d cf7i - liwiLTtrli. i«i i i* ■ a -r 

#*rnrP"Ht #ui |r*w+-fci ecrr* P'-'-rpiii'-rJ r»i 
iit^ J hai reann i ariini tap ha- au^-u-inl |*nlh tan 


«J Oulipfl f 



PlifiSte* Prflflltr 

Severe Its Sira/Freealns 


IN-pnpfip Lrpjvh- vd ha 

id ft- ibrl a ki die ual 
ru I -- ■„ « aa * J m 
n Ittb i aiaidka »- 

! ll 4ir-l 
la had Imam i apa ibbI 
■*« P"-! 

ia.1 iki'H li ka a'iin-1 ad lakhnr dm 

■ jJ.Itvap 1 1 1 Rrv.-7.m A#ir#i; an ► Midh vr 

.Wvr |ir.jU«r h*> h.imd nia.k. !«■> ■#« 
b -aa-ap i-ajvnmr^iiBii-n fcu nr iui « 

I ti ii. i ha 


k-ruhlF FP- VfftOI ■.* h»H‘Jm.-.-3VPJL* -*-J ir*h 
a d< aialiai .•dial Fa- lu-ailisal Irii-u -nL-Jrli. 

mip- i%-:hd ■ *-*-.j niin»f irih-ra im fc- 

ua-illa | i*i n h- ainpd-il ami n ikiadiAirl rial 
rarMm lhia*,iv|ii#. f*H|| iJsAaTr* Uf.U|.n 
-X la ka r\ afe I 'arm. iJaar uaWHhn a Ihwiaiu’inr ti I 
ih ■ap#>:f vi BJ ai to n Hi.mn HPi™! hi 
h'Adfli iHThalMi rlvli v’ri hrOafiftk-^dia i 
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Grand Challenge 3 


Liuveicp Muaid MEtlgiliun 
Sira i-f ffiea arHl Tcchnc-Lf rIm-. 

Ir |in.7ii ii mhar .Lii jgr bni ruaaul I u.-jpIi uinani 1 . 
Jail IKHI Milf-jlAiiiEn I>il LT.| IMMTR 

('■wrl nipiilurerBri, -rrhahr c b.liw 
(UfddEfl M a I JV i 1 ql Li Pi 1 ILd n ^Ui th fhLi id IHUt 
MN"fc h HHn fru'iWuiiPTja ii *Np*TT-»nINr 
>Jm|& » ■ 1 kujudi a ■! ■■_■■ -rruiaw iha: M|h^il u 
1 •■■■■» raw Ir wTt.ia i*tftT»vri li Ini- 
ikiiaJkr Lf hd/il | iTal I IjfcU ^ riM.Vn ■■! JiU- 

vnrpjm ihai dir'irtiiHfdT * mi r ! mini nniuiKT 
iUi jfKilf Mk'r Bfah nJiKUI-iili 

Ollttcflifii 

CibiIi r*t*llnl iLrj:l>j-ia aid Miaalivclar* 
i^icui uLT|| acaair-td tJllli|UCiiHl 4 |ttL 

EVnfif mi Jrfvjir.Tikxinwu.-r. nun ua aid hnlr 

!►* rttW^dPrllL PpHhj-p. ppl f| Ip-iE*! 
iniiTaiM jnfcfiul rmiEH aui riiiiu ha b 
aaik i«r«TrT»|flBr In rrH -ml ir» 

ferfdfniXiiiat j'. iJjXr iiibilr billh lul 

rram ».4*rp mtfr bnr prt-ii ).■ v. 1 1 -d iHnrti Tmif 

idk&d,ln^aJ-j#tf Vtwa iitm lid al-l^h -Li ui 
Mr «aliTT« |IhH fcc-f*l+>W<l 

Sv-Hii Hufliiil MiMn -Hlh rfkiUi 

■ ETi-jL-Jitaial nhRiraon 1 3 mV. un hi h rhi ... 

K-: 1 1 1 + ■c. .ranta «f pTK-d fc? tnwfMiJ 

■ d i£ii ai miin l-a hrfa^Miri iN-Miliiirj 
Kpinra Ihrl-M :tmi-4fi , jJirdi^Ji4-pix ik'd 
M'iartiif pLaacrg Inlini iluuJ It In { if I I i 

■ iLiariJi-lintiv «f>ldD<*rainy 

□ ■■■lily !hi n-aralaiy banvnia cf ilknlw 
RllLHSei adlfl| KlICnk AdaM|ap. f. . .«tb- i-b.L 
■.LI i|l H fn vUIIJ ti ta?/i -il I IinTll fd ibi ial-aB. JlaL 
■Vipp ■ « u»r i m • pj+1 hp-tw- " i n ■» p hwii frv 

aririJJf ihalfci Ul^ilaf^JbUi CmJhEud a hi 

pppph d--irl | pp p » iwnrpnF ip iipivmi p’B-mi 

baL J-h- I La' a r»«il Lii ta'if dh.-J I. feudal dCUttU: nhhd 

■rnipiiralY. nr pner^Nr ppJ IpIhci N 

halaird IB Ila- la^il 


I. Thri ni -.-la’rl Lhllriffc, l*r L4 k-n ■ ql raMMTtl 
"ipppnrprph «l ■“ P ■ -n Ir-lff iftnmn I *■' I’" 
bp tchhrwl 

NjPH' IIBI i::h IICL.Iin«1ll. . uipla.mi ilu 

Jf-r'bTlli- T*4ir| HP-I IPYPr-IBB IT-|VP>^>'-3P> 
rl n lar jad I n r h LaJ ajlgiaai in lad r.in ■ 
uuu imLfnn N itai nminl ippnai ika 
-Efcil 11J Brt|aal hi iludpi hi tin air ail a Juihii 

■ ir-riviiHL rvl tfm rwrL-i lilu ■ r-niipr + »vl 

mat'll id larva, au raud-s ail lai-rih-ir. - hr I ■ a h f.r-. a. 

mA nuiri n>TTT3-rp >l lubtm aalfii a>J :hi 

■ Ir la -ji l Ban hv rdr aarv.i jn’.al luian arll il 

•■nfK 1 in rnurtTir wikvp 


Ui-rv-kr WnFUr Severn Ikcdirg 


•a. ar-r,| a. da- H .ifJ. 
Wit-fcU^Nirin '■.-flap 
iKatinnar Pa ifib-i wm. 

hcltp.Iuiipp aids lU. 

1 m| la ■% ah iirda-t ai 
'nTe-l fcrfr Lai aid jd-'4-i¥!| 
.lain hi IWI (dm. 

mi* VrdiM -ji'-h- • a - -t-Phl s ai. nh-p-l T f 

it |IAIRhi ■ aaiapi 

111 pi|up hd feaA ilia i i-l lBLh«q l-ilduai rail 
|ai .i-pi- iff. I h prp«i -»al n I b. j\ i m-- k I » p J. ■ 1 -a 
ld*r ad u id luna.nl *■ MK^dnl, ■ r j Idlfrfcnd. Ihall 
paikv naaia. u a rraa af.ia.P ri litaa ailsih i rpd 
L-B mi hadm lia- < B-V driVr ■4-d-^ iV> Ik- -MH-ph 
j ■ llnihnh j J h a a bi| nalih-naH and 'a niauPa 
IH tard>LBPfTMiaB-i - ffdAv. .1 Id fc» 

|aaiH h i ara I la- haaii h la ■da- 11 amp pit-dan 

diJrfcim*fp PWaiHi hi ids-ia-i'ifi- *--■ 
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Grand Challenge 4 


ftKDgnLH and Reduce 

■‘ ,a u I m e i -j bHtLy □ I liileidr-pendenl. 

Ci itka L Inh ail i uctnre. 

T'r+X* 1 K Ct t*nfl 1 i M" N.r-n TT TT#rT¥l. WlHl«. h 
-4i-.IJIa l"lvn.f I J ituiV’ liilk ll rnTtfllUlHI Tfeb* 
inrurd.i niin ail. in iiiiin ■■■) ilrri^jiil 

ri-Jvii iH ivcri'pniJffKn _l ivh krim nimKni 
**T\ if*. ".TTf IT MM KM-, ffcr* m IV. 1 Ml l4ii . JT 1 . «W. 
fl + l%iH U I a + d n Vli HI !. ltaft| llJiidnl H&kk-j! 
i iT^nihr-riVm. jbIMbubjI l-i ir-daBi-.i.ui'v 
.'■iillL-i and lb t j^lnrl 

li ujnp'jir pHh 4 kW H triiM Im NtMiHv 

rjlJilirriii IL I paid hi U'j»h Laf-alfi ifWI efciiTi'r 

ChtUMst4i 

L>»n«ilBF H.hFr.T iid Lwbmtorp l&P'mnl tikri 
ii|.UIiirM. C A pirMJr liiruiiwIkA* LYL’.bia 

bnkf ixniiAi Bull itpmii a mi kJ-um ixhi- 
iHNki'i irfcfim r rr Hfed^diilKlln'rAr^ 
paanci tu |U k iiIzunniK. njtan rcraiuPiii 
t. i i *. g *■ w parcel mpJNp biim F«*™ aiu. 

ILIlTlH filhEn lb r+-J §U>j ^UHI-Ldp 1 1- d ■ 

ppml bfJ *■ !■■* hiTf»J»giPitra""T ac+a+*n«. 

uf-bTi’ HfcJnii ir-fnii it’d il:v an mlmijbi n-~ 

bp I nl e-pafeuJ ipjcflip^Mi P? «al*n ixvjp> 

■ riJL ^iUiiilh liurruldidi ibatflJ ih-JHB-J IB 

P".*m r'Tf*r k»wiprwab» *a r #'g! ■ | MhpJ? 

Mwi*il I .Bill lXb ibJi I IV LMImbbihlr Ibi It fLk 1 1 

■y. rhiPR'J ^ifm’T’krr nr»«n r an^i 

liLrl U-iiaiM' EVfcUJ I. LU«:jii.lj^ 

EiIibki Uh itlllv :a pntacl pubic bHilb khn 
aid after a fc*iai£ mpf. Ik nur-l LKkmuctiLi d 

k»aliHd<M aiHii UAfiiliii |Uli la* I % ua Ir | 

pamriK pWi’Kfrn rmkn a luuimn 
‘■■•PBPPii"-' i^-*> ■“•«■■■ Hi#w« "r» 

■iii rj dvJ ptnwn nninuKny ,| iiia pff4i.i ildiu 

■ iljln 'uijalrTnik 1'nmh Li.vL'l^ id panrul 

rivin i ■ pJdir Mn ilc-id h jk-I h Ik ruiEi H 

TI-I^H-. fimr. Ibhar-vif rntpn r via Bin 

am t-. iaiih.nf-tvd b« Lb. luidn hjfrfc-. huifdi -:c«di- 

km i-b rj |f u|4U> ial rlkn lb-h irhknuil ininiir 

tu urwr -51 pep#, daiya jiu !la irM-.-iiaip 


Disixtei PiuRIe: WitdLand Fin: 



1#^ I i-*v: p # • - hp 

■dndi ail In iif dk -sISt 

■llfr •vw'd II 

W hkwd 9 

I «H4 .1^4 Ml Mil 
■™K>* wi m. 

Ibur iLlribi rfVL>B>4'l + 4*On ILL Iim'.pspjwI Iit 
liml^l aLin , inCqla iclbnlln • Ir U-jIvH 

+il4b4aai+rL I h- jwl iJwrrii laiir+d mi i km 

ra ■ I a a ■ i'l 1..1I rani lU 41 U. Brian | n'lrad via 

IB414 fc.lv la/k-L I Ml dbUTAHl hfn. JJ-h-'Ba 


Pi ■^l*"l d»+L J P" ^inH 4 *■- 

l-OhilaullV iVaf- - -‘lbi-'I CkaMf Ifial u4H dal 


| + iiB>v PdskfL >.g»*h)*BUh ■ mJ hHTIib P i b- 
■ L-J-n. . I r>>-*-B Bl.w»illvj*b: -I ii. ivf 4si| n 

rr-+!h->. HOT*. J«j Jbdb> l+U ft HU 1 . Val 

■UHilfldllbikifbi d bride p&lkki ad Ii da 
diaif-lf dura an n a rla|ar b« 4 llrvn.il ri 
iMlwi S* v L« iFlMd Irfi if ni I- *»■-*■ •■■ >-ka ■ 
Ib’ifnrl 1 Bianlrp fajL&nai K rntf ai | i r. Had hr. 

leif, laiir^ H 


Ib iw-fi Iga LjpBl l.luln igr. Ihr h^ai f Ln 1 1 -a-jj 1 1 1 

tiKfi e rw ■ n nl rubx OKtuff iwnmiu ir:ia u 
be #^(irr«"l■ 


I|»a*|i ra^rtiairi. * "*+i. r> re-ul r-'-'-v 

laffl IriB-wi l.laraa l>. 1 1 n 'I + ‘ faa 1 -i 1 7. j uJ I3bbb> 

pqrd^tn tl nkiarjcm htttj m lkT->f-irrr^iii. 
uarui.nl ■ a bMI I nnarr<nB | B-Lf-^rW jjkUnl+i 
4ii + trj +>ki»ra lP >lar<n v> pJt+ krai ► 
J.ialBln’Tir I 

■altar i»fhae4cti< krminial. iprriMi 

iMipaaifii s$iki+ dui .da fc+m+d a 1 ;i liiaii arjAu 

■ in 1 4 ■^riraiilnpirr ■li’nar-. ai I Ln + r. 

I'ailnliblM- BUI n aa a r l a r.PiU-i blh'id •'■ I • 

> d •Pllhn arMr. p#iHrakir> 
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Grand Challenge 5 


Axxm BIujIe* REsiLIcnu 
Ua-iriR Si drill jiU Mcthodi. 

-ilnpl vniri lama anai ati nra man 1-1 J puna 
JbHdl jfri Ilk yM P.Ur at. h 4 IX- kb ■ rtfc«TF.-i 3 ia a La /a 

tH ! Mf i t*r i p :il B| <ia lg mCsncr mjp 
iW3un abl b i i>Li.t( a l l iUiil l>IE.v .fr.i:ibriKi H4l i-f ht-fa 
•Miiiru r ir|B r' Ai+1 fia pi rap k rwv. ilr inn*, i 
Mfl-JjHiihl MJnYc ll+i U I j. 1 ■ h'l ta.fpfl 

W fry In ■^lwn'lr ■ ■■"ir* K* phiij 

iriHI Infclta Uria/ IPabti 1 Lai a hi Jb jfrJ 

mmuc ib'.'K'I fr'rnmncn.EwiiriM’ ™cv rv%rr*m„ 

ta Hau l Ll .Capri IB I n+a’a A XIU. | -ufc‘ a-i Uailhkii.- 

Mini Hr '"ml r^twnd 

jLUiailJ.la-ia 

QHIblAfli 

hufiiL nlrivprf mmriljrplnilii ifl 

lAUUJMBI ■ fllUfJlB J.-. 1 FiilC-1'1 flK! . J I 

iiHirsn irilh n*TFiih 4 Pil»i ilih UHianrlk 

Pst pjp*r*nJ ■■■k ku tr . dr 

■ Lr ■ a a at. j fcj |t-L£U iliUfpii luia ala 11 a U hi 

»*nnk 4! rrt rurr'rFPTi kiMp EnifMal 

«MaHi ul Ci ja-j Kl #B ii i EAriUafK Afat bMihU 
•Jr. I i Ml I S P pnn 1 itr ».-*■»* Ft »T ll 34 lC IM-iaJ W»j. 

a aah-rl 4 . j Jki Jip j k-l kj in i Lu j-j. p. 1 4 lulaia mpin 

n-i-rti - ! In Imp Mtirr*wi riH nJm n ■Iriiifc 

■V lklia>«ii IU |i+.Ubrr UTiikhui ■<■■■£ Jii hii 

p^*fe:r Uanu rmu 

Pi>msf UM iihHibli il Iti ndEml -r^J tvnlp 

■ lll'Ol IMIlZ i ■ ■ - ■ a ra ■ inirabar 

nnnrixi cl liu :if«n c-t uuil nl KcNp + yr-il 


Uikhi» C-idi tSm LUfTklKi J tJ lujad Mllhimn. 

PwtPI nriPPl*a I+HltlT r*P! Hi M* «Tf« Man I'll 

■ MIU ■ 1 1 hi pa*j> II kni -4 iuPij. narn 

btM UH» +*>:% MIBtAi 4- Ml JJ -UH-J cm m 
*■« aal lb- MM* i«>|.i h A.ajjfb* 

■xptf liinreBBdi infiThi nqnvnpiiiK. N- 

ihuni.i | 4 j« a a ag ila ah J lr pa aria rib* I aaa-iuki 

t#."MLF| mYhui-Tl jrddnJFTK ihp Imr* Mtt 

fcHi h'a'I -afl rr%aau aalmviny julhab-ta |abaT-ria-|4a. 

Ti r»r» ^i| i'-fpaj i Tu Bn p."„ ibr a J !. aka p kn ir-rjjili 
(IsfllCIWin arl BClkd WhU-h-£i' INHimH hr. II U 

bs 

My 'IHHI ilTlMHU' I 'X*Mi rplfa i»J 

i Ua Jjj-Ja ha i lohul^i ul r.tla-a.r hi UAiak hi la hdr 

n<.mi;.4T<^fciL ik! HiJiAt^tal rrippim ».4 

■ fcuu Ti lih iiL wwai ii la.iln JJa hl irmaLri 

n p3-.F lifnvnini n mhm IiIjpvv 

tianlinU hi paaaif aal iih^ilb Ilia irvu Ii 

nil im Mb •‘ r -f i f K n ril-ttrif'tKi iM d^-i 

aMiruna a k - "J j aka,; laiiili qalitliptiai, in halaj| 

Ii “■■ni l K-icnrFi 

Pa for liLta?4c|y MmiHiiLk- 3 rfc h ik 

*bthhw J-w tr+it-L rr|»|i hHlito. rrl 

JliUL-nj«hjUlli m lUTakf-ullCfilhirUfa! 3r rYrill 
■?, 1 ■», 1 1 flf" 


bi 
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Grand Challenge 6 


PnamDle Jtlafc-Wisc Bc-harinf. 

trui b« ■ hojiyi irreiuKJirai, Rei jncuamia kl- 
ip «?l r n ih^rnfFTTi i fTii'f "rHi-Htw' **fci*M 

Tc-br rllrCUlv Ldl^J hi'iriau'fai.i r. d oj lian.Mll nal KilTr 

ip'Tiii hf-^rFiCTn! itvnki 

£dh rilTUH Ib-Xii^n I lr JJ m |!fcf4jjBK.f ila# 

In ni(. , .fi J *ifr In r» rkw rur*"-r ipii* in 

pTnprW h ^-faql IWr t x! Lba-H. ii ■ -I ^ d 1 1 .to-kh#i IU 

br Tarbyrl» , nr»Tk' Bbr Ivlormi b«»i 

•a alii Hill mV irartii.h 

RUll pjtlK LYI'f 1111 ll lKll luilh. - iLdjk 

mirarflipf J'MifcMFJ M| anaj hr Bna^r mr igrpt 

mdkfii OihUi Buii-i hi-la-ir p 

■ 1 ■ if . T-»^ ■ ri- in) rniB^ir ♦t*’’ IPTB*- 

Mil WJF*F -IIP HMlilML 

i:vET.aat» n+iaafi i aid j nilaeal jil-txiairii 

inttf¥iiy IWPIpPlIMl#' F>W* >TPjn"i-.TTrT 

i-i'r.T L rt i ■■■ ji.ji. ■ uiviKirii ulnl hrsjri 

I^:f4 aiJv^sdr run ki brnUi n iU hmti iJ ■ 

Lwil hnn-i^ni > . i riiMiiiinm M-nnsi -Jan fal ilBir 

>J' j' ll^-V* r* lr r-ai-iii irctbbix «r-» [lif-n n»b 
rb-.iiii ui Hr liriri In ■■■ its Jinpllr |i |-|iir 

sviiirai iii s-nniu- nil tacaEUB u mi3i t™ 

riair. jal hi pnnhV hu ■■ ■ s|i-i I a Hmkhai 
HFUipi d«M he ndKchb-r-J ~n kK«4i*lp ?4 14- h 
r-^BWi.aa.1 dnuMlar | nvabil bi * in 
■f' U1I31I>' Ti tm IPWTI hkl ■ I . prtiT lai ll -ll.Lih 
ih iii |Tr.lb |nbk lrJlnr,'j{rii Ibr nam m id 
DV lidlril ErirJ tiidCHp^ Bbl IflJ I I'M- rUUIfi 

■ ■■4 jkf«>KW«lTHVl)«rnNina«<n' 


Cwilap pnlEH :iil pncn4?fl iltfc-flihh Mrm 

pH HP kuH Ip PHlPl PFiHt* HMP*"k- niTT.pT 

-..«»LWalji‘n hn -.1.11 ThI iff -Kr.iUb .Ulil r^ifar 

r-liflib tui hr-lmi-ffll Ip? hhPML prpJrJkn. 

xi bLi1I.fi pp'J -ala-i ■ ■' d a Jai h»jrl. -dna*! W 1 1 - 

pirt>r fim rrn >?1 iPrrlTri-TBm >,H IkIftW mri 

JkIIlI .uI lU^tUMi^nbiiL hivjk L J Ml i C liF 

bmr'jhkmi-J nlrr pv-f b n^jnpw £hhl*vi Id 

kxJiK JipI'iIuI iriil xBF.Jr fai Iuijip 

rw wly nqurf Eihnti^riFl tbnf i <wf" 

Tcikhtii Canl rfuftriq*. iii Utwa; kr* iriurrti 
mpaa-ra-iii ml rupa m I i - b T , ir.r-jrrir. a fcf in h 
bi nhliHf-l 

K«y liHMSil IMBll infill! Pjt.i iju K • I J k: i u llr 

tsJ imi w nbnijnl j N vfMid iM 

in.l^jlrni j.lhMP. jTi TW ImpiJ liiHaOi M 

Pnrhpf n mhirrrrJ i»>-n»khi "l r*Jwhr Bch- 

■ ipn W r-ha.il j* llr paid* kt> : i al i anrir. 

■ rv-n H i’ l rfe«nr pH-wiira a-nMbn 

a Lwb b I lr vllr. I^iim V_ ail LaXal mfuJW liV 
*mnfirjrrHMi'fTi , '» iTr-. hckd'Enf^b 
fA'aM, Vr liViaH jM ubb fa b-iliaapiai IV ■fa-.P.m 

ire yr-'-mM mi 1 p*4 r *jnr« 

IH|*- IPlIi 4 *HV Pim*npp*v I *.-ui , ji ■ irp- Tin 

xdjibilMmi^ii M-jna hr lr pitii |<ii j nl 
pen lEbKiiL ■ eWnrii iti i--+lla>r Hi lUpibJ 
i-, "Tt r, a ■■ i »»ppi#^af^wi 4 ri|F»M‘B PT 1 "tT-'Pp.» 
man ■ llff fr-k-JL lUK.ird laMl fcw-l 
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The Way Forward 


S jfilllHi Inkil IMUTriX Vi EK u’aU JufaEp 

fcrLJtsrrta hslnlMr-41 *t MPhhI ki R^v-apr 

-iAU ! L-Ji %i in I'tt'i'.lbiiln .*xJ a. rkr hirJlV £BE 
FTT^-ir* V i.arfTKwni iJtt tUHPl n j furf #4 pl?i 
kiq \LHkJ, JJK KkrJIVi Ik VJVia [.l.llh-i hi 

knarri frrfen ■■niTJTV n E3cKE.iriJaKhBctacirfef db- 

M In ■■•kj.lhai 

f£tf llrr lu 'lui-rri ■ rr irtLiTVuVM fcrillV 

rqt.FBiK? ' I - ep 4b mitmI '■r^n *A itu CT-rc.w 

n I r /pr li iiiihiiri£i| |n^iur iivjii I jiiI 
■Vi¥ FfTil r 

■4jbmV Lylww vwfiii i,U’7 Ml r«;i*d'. rkt :iul rnp- 

■niriB Ilf Pv^VIPCIllpMl •* rbrFKT-Tl«f 

MUb-jf. 'liiy.^i la aui E.a^rli -i I la kVM Mil 

ml»p+.iriprwrln bwp V run* 1 r !^r*-p«*r kvwiS bpI 

■ Iri'r Lf Jjm: 1th BIpilfe.HUI' Vi r'l r IL.I ■ Uilfei .4 

-iri*td nfmrrvdipr-s Vpi 1 [t-bitf 

0Jd ad Eg Uhl hlTd^. 

I. Ilr imirnd IVa^nrr fm- s\+_ii bi Malhi 

'JmiHn. fiw- ltd Ibrimri 

in|rirrr a Lit 11 . mui ■ riiUlm |imlr juni^iLit 

iuk»rTk-fc '-4 Uni nrHTunn il m piIwih 4b Kura'* 

illinJri irJk-i.r 


□tester nriifih. provgM 



■ Hi* .■■••rihB'i IhlubI I n^anlli 4. taisU 
n. «■■ ti'j'^r. Ntf*l IMP * 
«■■■■ kni Ilr vuti iidkllr"VI Ti^P 

mi 3 *;■ tiffin -*r» ctIwl b 4b hm 

Ih'ipn id aah pm kwliiUH hai m m’aki 
Vi rmj«d ¥ip.nr. u.'.. ih ■ b*i nr 

■ rl-ir ■* llr-nJJ JiufV J 

r -B*jrr 

lh-V«iTj> ■ ikaipii iw k|Mi* ilI ib'i m i ik, 1 1 r 

kknlni iln-rJ‘i'K-:BPFiB*i i--b- bfi-4 iPpm->+*J 

I^ibJ-^s olu, Ian4aii-ilnkk»jal mm.ma.T 

i% i^aifV'i'Bwiprq ipvJ ■■»■!• **l 

IHUriilu#i ftdh bhiidai a. Ub>(h>.-|U ■ ■■Bib 


tz 




Conclusion 


W t emu f'l'iAi ueikk 

-rni iKi ¥* tir^ 

■i»UlinWl Ibrtl 

Tf«p \*n ■»!. iirrrlHJp >’ 

In .Tr JUsfnl.iBMt. 1 r ■■ 4 M. I ■ 
Tin ihry iniet hb 'hhtbpI r« 
h-al Ml UbM- Ill ttull, I^iin 
nlknre mx her** tnfemn »i> 

■mb [UEhflJ I'lJhar m m I -m . ill aiiJ 

irtr -4 jl |T-f+’ Pei npiin rari> 
Jdn a luiniil la niiu ii-il 
wii iriCTm. nUF-niB. irci 

in’ I a m. h f s' hi Ml ait .UntB 1 ! 4 iml- 

v nihi^r; S-K-.i:+li h- v- Ih- 

■ 4 iMr.i-hfNM.ifih wUarl 

rminn Jiinr'^rarl 

■■ ail b ■ niipni’^ lul 

unii'i in JTiiTri; -n *»i rtf-ij+rs 

rDiniinu . laiMilfil, avifai! 

umL^iiiKiL r>i reW-nwrK 





100 



Appendix A: Research Requirements 
pud Technology Investments by Hazard 


: iirj-j ,t|,l PrtiHIHw«4iii«B<Hi>4v 

lilainairfei Wh#nt ucWhi it li Hiedid. 

DfPIfkt lEi,jLie I la Iii.UUkil ■ UUBa.'BdP U Ival 
■RrJrtFHr kr»r dfcnpjip- 'Imajdi and IbvrpmMtq 
i ilcaiuji 

Clllh-qjlhl. . iMhaa I ■ i»i + r. jbJ luhdaiiiBaUrlH 

Bfd B?rJ{?pr#r>1 rnicrp ricr-im -b-j Ira nv dr 

imLIiii'i i jllq uii in > iinLnjii^ ilaii ribnli. 

Thud. Tin f ■ ■ | ir. nl litihnl irij Iharl jiiki lupi 

■ P-refcrflratiinA. xqntanri - t kjnra nr'il-pi-.ri c4 

mHiMiu l|r butiIiii urrlarl |i^rrt, ■« h-n 
jtKkmsd Ir* rfrtrtfncin ra-pvt* ferminHur 
indwli 

Piinic iff-pIT iTWI-mwT! 

U a3 |hVa ri-ra-i ■kl.L-ihHpMBl.il prir 43 . 1 14 HBWWl 
In |j-j||ianJ n Hi-pfe ri it |u Is 

W B| h*^- ■tartrrn H fcpjfnrr* 

LiLk-4nii l .Hhai ii'han Ihah-U. jflCU-k.ai: pjIyiBi 

p irahrr dre ■ shared srrin *i<irpp nlru^irT 

■.tHIl ui- 1 jLlkirHiri'srJil ■» j>i aplaK JI-J ah- 

bipwd mv»r *■ «rpr | rhvr«Ma ii I mt- tm-.t -m Bl 

CM. IMAJMI-^iHUipiAlIK arl H 3 -J nlta-i-iiU >MI 

ri rriir^ir a v ■■ FiarJ iJtiijii-bM jn nli 

hl irciubkai wIta^uh iuh m L.*m i i Iteh h-joi I 

IfJI -iar, a|| apur nrsi I a a ni ■ M isnsiah ar. s a jibbi 
pKih* n M m i 

I t bi Klhl llfL IViV-af Lib itMM-j ai al hstii, IUH. Hal 

k« n*f adiraC ■abaitrairc. |pj»t»r. 

p 14a" Ih-jJI Hal -din* La BBk-l II ■ -I JL I IL hkfr 

■ It hi in. an al a^ I ■ a M f.l j I . I --tj a -aalyrnh. I llsr 
■djHXUI Hal M HM El :-l lallip- 

VtlrjfKi iihlj.ilibiar-MluiJiVMi.JL Hkka*. 

ilmMU n ■- F mi hbmn r-r ppi Irkn |-4t-rr- 
fla-.il Hal jud Lhdiai rh|3aj|a am, jM|--PJ. rL-.l 

tHl raid b - la^rrl It Idlrrrf 1 1 | "n H-fTi|Ti’n 

■ IaI.+hI Hhk Irrnair dp rrrtaai lb ipaec-hue-d 

Bnaid I hr Mnllii. ■ ■ an d «■ J»l niprr.| aapjhh 

its. 94 *t MhMPRpvx hfcnvlsi Br**v uupk- pi 

ahil?. jar I I hrJaalr iina'laall. I ■•! a I a B n ■>. B i J M a-i 

Hi Ptrwiii-d iHiiilandirl Im-i |. HljnfcRriif+td 

1'iajfTil hi pjrtnui lii-r h-ialMY tfal Tal la lia Hlltik« 

•■Hi H p-. »hrc rin a r spuT* T T*i' “+IhpI fart. 


tn-rjrj.H UrdattMlhi Dili.# 'iiumi 

Till ?:idaci llarardL 

DrcaiiL Eu*j ail irf-H- j lutmi hrirriatM: muni 
■ q*#4?>d ertrorp ' sirred ■rrfp^o- «hn ip nm 

K :ivi Jia-I ipiuJv irMd unp^a±i' 

" ft*dq(-Sf hlLpilil I'ddlf |M*a**"i PI -|U|dPf 
p.r-h.la-i* -M -H ^1 ■« JliJ ikoi^lj irfuls ia> J 11 ilV ■ 

iwT rwd>iq 

Ejritmipia. nitrFrita-liiirad i*!ir!P r> 

a a Ka Lr r» iCk-.li it hnjl aid ■■-lalali lull p-M.^.k 

rmin. ivJpfk n-T.I wi tii. i -kt* t-t * ari«n* 
-Iruf ■ krai rvi'Mii kmi_ j.ip Ti- iiaLi- p»w .iiiuh-r 
tfC i|*mu-nj a l*m-h^.iai| arj-.i mi nii aal-raMri.- 
bdild lHl JB-J i aHa| jjILi fdiVAHhl ii'laJup Hal. 

*rI nnhTHh: !■»*-»«■ *pdi P4'M«' rail 
jji il ini Biiar%iM piin»uii:p'pi|BHiL 

P.wd i.ris 1 nia lJa H^a'al BJUJLhl Blpi.lalwi LilJJr hfai 

T-Tti'nir BDrafcp ipmd ira-srr brHj iha 

a qiir Hr hV>ti h^ a- ■ k k. hH. ■ M I huh k I rji 

TlraKT^ri"^ M nrtd r«™n« 

m LE£fcAi a I*i! Wh-.ft ih-ip iJjUEi 

lo-iupna-Arruti iLiii rPTdnl fp-t* irp apJmkv 
(UUSbairj [Ij a-.h I-IKi'w rML'dch 

rvb-jc llBJ-15i Err.il II MkrL li^miAnar wvl 
-rrmnnul iiwxri r« niadr.sfcKT^.r^bBi 

jjUi.i juI hanprl n vrrh ■>. I r h- I jn Jill nr.huira 

ii ap-r^'rx. raip udpi e . MrrWwmdri> Prr*: 

la. r aM.jJE^ Hlhri iBlW. ta- kal^vi la fMl.a 

W?ki liPMl «nri * inrprr il r^Pf rd.inri 

- 1 ■ n L'd ir rhli a pvsveujfnaih jad mi. i-nttHH 

hlHI Wl 1 1 i IK. I t-.H i,i aailrh hi UMfcl 1-anjrJ j.rl 

r* L nxrniT-flwqn-^TrfYMl irm ue aramraJ 

aa,aa Ii ir^, -1 ri a laiir ■■ Liaal IhaaLiia a al haiaahi 

otAedbl 

tuli m a il LwTt>i ki<nv .-mmMp.irnfc 

h a 1 i ■ r., j ai n urnu jiM iLr-i 4 uK -js hadhi hint 

tv t-Mk rviiiurdni h-. I m r- 1 r-#urijuii iiu Jid iun- 

f* a I Ii jb Hjjur i. IbbJ LV.b^Ii I Hr -na 1 1'. 

IlllhVa !ir.i|mir ^irjl iit iamnr| r jI nlhwr 
Vr4CHan.il ii h !• ! iff t i'4UK ' L- lla- mil llrfi |'a4i 
a I ■ hi aiAh ha iliMhiMlBai J mpnl paatah 
I iMTiMf l»>b l iJj- IV-Jf=-UH -llU ■ -f , h- fill rTTi' 
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dktwTHtv^jnvT^i rurqri. pi npu^nv- 

■ «ii a al i»i f*aMnlluilN 4 iM Plni-ni au.; 

■hk-iuM pnhiiiy '«nr Hirrr k*Kpp4n 

iVlkUBOB |H Lu|b hwiNh 

■I^LJJlJ FV*. In^iai ■jibi’jaak^id -I r jiaai-aomri 

PifcftjiavYi l-« I «-!> fcp ■in-vkcf-TriP. walcsa-lavr. ji 

A iarhaj|<r-«-iA- jl/lik-uiliin Vhn i llrv UliW 

jnri»kubi jf-J riruiru rrfkm rr-fkt d 

.km ji\ la alri Jin.' |anb I ILr pknkiil ■ LiB i ir 

Ktrn rinl ir^vrB-a'-HIkliid Ira hi iiw.iEn.-aa «N 

tii.a>.Bia-Bl ill h |ri iViaJ I niUU'iir 

: . . 1 1 r.j- . J. y hf*p.0p H»Ml« 

Ura&va-i fid Ta-diaali|lai 

D-fPaffel. rif^U Ieb. 4 Cul j+LklP.-.li 

B'hn r Ir |i bai j vinflfiri ikiB^i aiqaiah 
1 I rajOP F -lb 1 1 rr-uniujll phifcT-31 |TKfen 
... f* n b. I fx I. mrir^lMB.ri 

K+-i.> i ■■urrii l i 

trill tl-qaBtfl. 1 ta .Man ■ r-v.U . I ■ r j ■ ■ Ir ir -t f ^i.fn 

#r t«ui Bi pu^Jh FpLF '™> Fw^t«»n fa rrlpr 
■:elkftrYlPPiB|>Ukrin’^>lllhifjiLr ■alii Lalii lm 
.-a iiHprt nnli, a a itl-iq rjiBip uir irp^inl kiaHbls 

a I ■ 4 + rrr ria-lariuKlr^ -4 Iiikt| Kip^w k-umu 
M tpfM Imv- 

InlUkJl H E jJ-Laf! frri i'rli lri&: il -ilri :-aE| 

flflri nri E*„ ill fLipjk il^vili y-ils.kf«iUI r. 

rkro h+»r *r*^tT*arri ■xrwk- ■ P f»tK 

LiUjkaUk« cVl rji.li irilitnl iia1JUkPh¥i ii-Jnli 

k'-nq^JTl Ml 

hW< HrKi.'E.MMPMUl PMI-xirm i* 

Liam. ja ■! inblikr iriuri teal h- .U’lbfi jl ba-uah 

■n n-nli pofiiBHird KTm«ra ai ip-rib-: gn-- 
9^4 ihn BiLV.rjjk HA a i mi a>lli I -AX i kllBiirik a. 
■rpvHllfV** rtvmani.Niftiikd. h ^ J + « «■• * L wri la* 

Jattan U dlk'M. 

SytflfV Waalhfe-. 1 1 a rgsj B“ h 1 1 ’ r. nip iri l|p-> fFUMpor 

■y fctri TMme^cf irvi pathaaoki. hi tuEnrt 

am iknRipank, |iriiilini iialuiiiuk 

lie ■ l hariar T^aiipr .(Bj Miirp mwNI- 

an, a a b~ f « v n lb# - alcutrfircYf 4in. a Ihmkf- 

Htpnwl.-tomflf IfaclCkiip if™ •* PI 

Bin, I Li 1 1 fv-1 a-> n i iLMJriBrin JBri ri.Ufi Wkl 
VkllJTI .Hi iJr .|aa 1 r hi Mb!i bui ur |jian 

%r**i,"'Fi*r«9toriwikF ri* - ai tofam ■ Hi rw* i t »■- • r* 

Baa p.'4BfU M ^-f-riHLU. 


■ n nlta ril laryb<3VHrt • >lra-k-l iat ihMi 

a IH p i jibI Hitub hriblJiJ an nul b*Fi hl|-aKn'i 

pHibJ I rr u kiY ■: hanraln-n 

£naJ Glalkcan 4 . RwbibU* aari bc&Ki 

V B |apiUdni «f lyijy fo w M fcfl MifciJ IMt-Wirtrflirt 

Mini '- ITT" r4fkl 'l-" 

wiir idm j ri rial£:nunin an iwthi ibai 
rianl-.a^ kia '.aiauJ rill fcjkiBhjJ kilirrimi'in 
vtibi rairmf | hi I it i 

Lailfaqaaha. EuiufriiiMiuku r.itij Uani!«i 

Jjlml f a bit ;a ign i' r ai 1 1 _ j rl liri rv-aL i ai rr-j^i a 

JJf ip’ll -I I EH I > * fe. 

I ia1n%lai a*. Lai al aan ■» »ar. aTal a> uaa iJkr 

WKH mrhfl h“Jr»+H 7 arJ kpiaJ»i‘y lirliiiEd 

liia^A B n a A Aiffciv i Ir irULf r 1 . a .1 Ian. |Ua J I b v-J 

|4Pai « kfcnhlp pF>ii 'i|t! -* 

Uh l Srii iubi jpJ u‘iri nilikn i ll Bull ILrtl 

Rfrmnri 

N»1< HMura.'E. arnwa .'noiT cbl mi m 

k^ribkjiarar pu'. mill nn> an h ruiriainl 

t4r*rp PkjpI Fvnn 

Sknaia WialkP. lifi T-rv i ^E-Tfiiii ■ A 

a-aaaryr. iTrLf a l r jalr.a-ui ii ■naarrii jAhe 
r-jkxl .a kavwtrdp-ri ajaiaii KJPrirriVHniitarTwd^aa. 
I.j-a-rr .La j u«n «>■ nl atiPpn ■ " 'avT* ^ i . i kh M>' 

ectvEfepu’i il mt r ipar iy: nirjJ'Biivi 

jririiribn kriiajnalipuiiiir nrr anilai urir 

fria' h I-UJ .'Ji 1 DrwTfnf FF.W MrfH 
Ii4,li M la- i‘b < illi Jl^. PViLaPI-t] "I BJfl|liH 

»"*■* F»l Fl l fl , r s rf 

amaaiL ■ ^bjuxjip HfK-aaJ u fci -i-au-l hbi-rp'b^ 

«p.arF nk« ail pmp" r f 

jiiiHiii iff ym'nr.ni a>J knii-ri r<-raiJh i 

Valun. L¥*inLi |f p.aiulL .1 piUiLJBJ linripoib liail 

T’TtXPJTrT a-ipaiv |4|B| 

l¥i.4rir*d Ftp kivy.ii ii-kliia: lav uia phKisvi IF 4 ;. 

hai laaufiani .i.uAilj.r lita-. la j 9 MaihaiHVi 

4Rlv n+miiJyTimpv'w » npi«iFy*nkn 

A i a, | rr. r arkliiri ILr liuxrri jra-ra-iairi ■briraali la 

>.ivnnm ai ik "i ria i iii.r Tmlnt pi Irarferia- 

■'.raKaaalT jtaBllariiiaV,il-i 9 i Hal ir t^Mfai id Ba.ru 

BPepniriiHiRi mfwkn 

Cnn-i Cha iinpa 3 JjHkiD^iailH baHantaflilai 
vi d PfritodL. 


■Idlfid Firm :r H irani a a rr.u b-^l biaia^r la-.H rari I Dr^J|PL I a r.aV i k.r r.V i r KH Viatl ua i-Jlir ra ru 

In- 1 Ir rauHmn p4ui M if hAnl nl iuk wi uin vu hhei ■PiBHa^a ri Ivtpa byttii m«a-J 

II 






EH #-l> ■ . WA* f- iIHiJ-a h fad jMuInT -J <*j U aal 
i7iBrftsnm,4 A#ni Jt l Bilan- itnfM li.n h 

EjitragasM. Eimirllr mrq*m9rr-9 i»bJHi ir-m-a 
AbbHli in'iAni ptaika j ■* a I kinfuji lUn'i hiu 

rsgjf#mTUh0n- 1 ^.li! 1 

TaMJlJui id lniKlf Arl l.qkMiii 

r :»d _ ■lUrirvBnlJ-k-jAHY'h - I BjjbI |wiii-lrn 

M : *14 iMm h h ai mih Hroacp •■jsni a jh nil 

Hka»n in m jiH. j| id i i ju. nl U-lIhr-i 

hJ*Sr Hu£k;rrHz.iMi»lit Eftvctav *p| BUM 
rav-rdr? pc-f uia Ld luun ma j ■ ■ il I Ikdih-p j, 

■ 4n% irunyMi nfrnul rfi’nUhr. ■■ni*ryir-vn*fcBi. 

-iaitur ndHcr. mm ninniTjkuK-a.iik^^fcol 

in In riiad rf Unn k fajl irar ■> ii( r fa | 

1 Di'-.ljpBlki f#jrn-^ M reswi-. ju M»in irrfi- 

■ ■pr.-r | . rHilij^LiilMr-^tiH hi fa^kLikk 

ur-l kr-JiNtn m [«inr nvn»i.!li|UH nrfi Ini 
MmiMEi 

bM|i ttfcsilw s ■rn r rf- H irir»n-apr»iT. Ariflrd p« 

IMR ibU»-— I V I I 1.-1 £ilBJf-a. I#J3-.I, Hdl-iUllL 

lRlBHt9|ElL IV. 4, 1 a lu.tr -J inn ridrifUtAr, nM 
KETHiPrilyEPWd.itPtf ngt-f? rif|+;*ytf K' c'nn-*f 'n-fc- 
■uvprk.^,1 1 ■ -idu 1 Hu k-l i.d ViYI kdnltldl idUn 
« MciiiTdrBS'n|jfeT*P! iw*rt|ip>*l«tfBVfr ■ 
a. I IrOak^n 

llllXl] !■■■ .lufal.ki.uni. In iiarrn IViir. 

FuihfvilruKi iruFl if ike inwild ‘dnw »#h. 

■ far j ■ In- ahi.ii iii*.* UlriliUfajliVJiinlflk'A iaal 

|ninul huwl4iii-nn itn m Fip‘r i MdLr 

■a>n iUt liMtr ^Jjk jltl If H ■mfr-ih'Y k-ifraafc-Hi 

pzupln p« mR^Tvm-'irrHMfc-teTTairiBBrfi 
■‘Ifa'iK aal trn |nl Uul n AnriinC 

HdlliJ Fin Nr. I nirvnL.nj rr^.a^a|ri 
■jnif uflrrHui vKHif-pmltle pm-raiiPf-kr 

■ rririh u k JJ iMik Iddv ■ .faft'^ufa- mir.ru fa. 

KTiir. Kw#-l-n rm^fel 1 1 rrtsTK-ci iri %llw>l In dfv 

ji.Iji ii.fa'j j.kijii rlfai ■■iir-.'.id I. ii lund 

RfMiim ■ ripii >ft iin.ip«-rf prtirti I u miei- 

Inlfaii'dirliulki'i fa id I n n d -. jl mlul^-Uuigr U 
«fm ibI wirwim Ijti vklailln 

fnl tfii).-fr-|i fe fiBttds* R-ak-Waa him c-r. 
IMn|M ripfa-raiid j itH^rwiiiia AiKn rjpata 

iJpiAkligi mllraa.l dau-i £r a r.-i J ■ liL li-nal.i 

p. - nikiBiv nrihiBJiBi uinn r-tu jnr#wJ 

■ulh 1 k 1 q,.^ ■ 



LdilhqBihi. ijhu a ujL-Uijrai.rimr.Lkii if-dHB 

arirlnp naaf«snlH»iiwm« N-rfeMrirr 

kikff | ■ i h ir|u>. kid .miifUi.n-i 

Jiiriihf utr n llr nrrl h ■■ iiBiagL jr I Mkn ila- 

nlaiuifl n tH Iru tisv r. hi ntimiiti eh mn 

H H#VTtl mpafalr rd 

k-lk'Ef irfw: imul nhiwua li uuEifcrtHi 

jJ j inj ir Ilia da- rj.lapLiir qinln ■ kap-inr 

ulHlKramiEWi kiiiHcri iv rntBi iucaiif 

1 ■ iirrii. a.lruik M n ■ r ■ jbbbbb-v rr\| a a .-J fa- 1 1 J 

InMUdr-matfi 

I jml .tefi-lf EUgHJ+fl, ■ u4faf.fa.iL EaEJ TUdH 
rrt*mn k'mn tanrivp'un IkNi ■■.■J^-mfl'pJ'ST 

UfkLi -ii a.1 JiUfaH ■ 1 ir ka U. h PTh-'i fa-fa fa 1 T 1 E.-TCM- 

■ Pga^r Jidda nfa.jiu fa. I a- | |-nj<fa- iialnua al J 
Kip-iti I - r'dll If I ■ inuajU- J PVHTKV II Pi Bail Ul-j 
r-r | kjB 1 an. ■■ jiaprjT laPaBur-n (aaa Ifaail a-fal Ur. I 

iHAHd nip ii ifwii f-P% irx n iffipui 

PlhijL H 11 r E B PJ Wl BM rtEi l»*.ikiy Jial 
MM H H tlB N *4fPIB I" » 'dM dM P EtFWTf i 

kfadhk ■ I ulu&r 1 1 a- fa. fa- a LI d~ BJlkla IfaJl aU 
uiair. rfarr, ikrig, jp I on ji rirn fai a-u-fa lafa-i 

kfirA df rAlifl -il Hll P-CHTVHl 

hnilfl Wfl 1 1 1 *r. I.IAI ili iu rl jH j- I dir-r 

■•Ih pi bon 9 liL p.’Vn^nirr n r«r« 

In nuklrai. Uki^iibrJui'k.rO^ilU'jJ piriiilbBkUf. 

'Jill •n!Ti i hi<“P.*ri i -i|Hri*l Piwfiim. 

IptFnAvinil ladiiH J . *irL>.kh laimip notiul 
Hula A ir-l u ha |-|B.' a ■ I la- la H krld * I tnlaad-^.l 

-f ibffin, lKtuli| #>'■ •nrwn nJ nifi Pi - ■*tirh 

■ a |b 4 L ih .J^ir rifavh -fl b.j .r.T u |-a I L j^aru. 

rwin BV-lsHb Im ^"iTtip ni^kiK p^-kc’lMl^i 

■ i uWf fa i I vh a I Bjg i thUaki 

Viliam TMiTf J iui.U Ilt I I B-r_j£i ■ £ I. -a n a Ir-i mv 
Wdr pNTd j il*. JU q-r, J a‘ UCk-lkm Cf tm UlAi 

WPjtftjnd Pfm. lEJidrcn awMiKfd jiJ li i v.i.ii^ 

#*■ N "»F»ipr4N^'MiriB-»J 

id-BI I la- |Ui-Jh' _l EH llfn'k li |h d faV jTniu B 1.1 

■^mlwr, mu. Pr^rxii ■ ti . Itxmi +r«p.^rn 

■jdH’ itk>Md-an ihki u nnnroH.rninwii iu 
1.1 »‘i’"lP1|i "IP.lHPlIbT Tfaji l4llblP.Pl narr* 

■ kJIL-C aj.llkla kl rrinTTir 1 1 _U1 Tir .iClEJIII 

■ an 'nni B| rM Uih>h-HPJ»JWf+'»l ruliu 

■ I r - t f - I-Jk-| ■ ■ 1- -f 1 -. Ian ■] U I nuM-P-IE-EV 

gnr dal iarlr raa-id iiakha JTVd-rr rna ird I Air 1 *-i^ 

■ bivpiii iri-ou MHlvr^Hiutinvin IautJ 

uriig urn t. r B LiUa.q pm fadUL. r li na&Mh 

pw-'iv nrNp- knnraiuifi 1 
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Append?* B: Key Terms 


[nil ifcjfc'-A lliril ■■YaJvHJ Ul lliLTJrty. Id a.rJ ■VrUH> 
uaaiir j| |in iu uri'jl aa'iin Sm m i u i j ■ K 
ndiiri irnaairi 

klU HfTWlIWjt Hr 'uL. 1 II a nil J, kil 

Itrflpin .^rit&ras. pp! iilnfrU 

HllUIPalar ffiJftBI 

Cllikli ifrkil'ir.ill Mr jihyiHnl i il.n lur-l 
iyhiiii ika jk isiuS •&'Ip wt r ■ ■ i t ■ fwr»i i dI 

■a. najii aaljpritiilrhl 

DlilUllai * -I— nn Hwiipii H ■ »" i irp+B.rf pp -1* ■ 

CHmilT HJ ha'a*? I'jaU^) la. rail Hr 

nd.ww*** "fl "t*S WT’rfdn 1 

jJ:drf e4 at j I S- w-J imTuii n if-rhrv u<cp imp 

rr-a mm n. 

W H* 1 #T idrtf ikc rtBR i,H i lM.gr! r-nr-3».™*F| 

Uhl.rrll JJ 13 Urim 

llUSrd ■ irUajJtf ■ ■ lajiaifeiJuMHtaril IU ilri 
kt.-iI ii i fe%u vi «i+*ti - sr-ru r r-j bi b p^Mufr.-^mci 
■Ul la la Inliui JJf j 

1 1 Hard ■ ■■■I j la -a Tianar il a ha/rial 

kiiuid raii|^iiira MiY+npnalm” mKn w rtfem*- 
Ur Wm Uil.<-klB.ilLL hi 'i-lL-bi Bh- ahj Irah 

Him I IWNWh 


W*rard ri* -Jh-dmct Ihjw>Jc"tM '"""i 

fMCnii ii ^iBlhi -i ifewvi iha vpin Inn a iwuri 

UBiilirUH 

HEilll hi rad a !■■■■ I IIlb iii^ ub?ii luarjf |rir 
■nrn h #, lunaH, fartapjii Kxnd-3-. 
■nllfeatu/iiilUaf iiicifw'ri ii a ti-i.u uniir 

iap. ra n rr 7 ariaulv--ipir.nl pi kpH^h P' rtpL hf 
h-frijap n ^ufii^ ixiiiarsKidiirdXHiiiii m 
♦rnjiiPr fevrSi.^ hnl^rtiimTiiiiirtR Tln h 
lhh-1 fef ifei -Js-Vn IS Pit*“fc I hr £301 1 4TLK n h-:a,yHs 
Ifer 1 ! '»!■ P"w krsi Bp hr- tiiii| 
hti |Uii Oriihn Lrihna Lru psucsuiul il 
ftftJWfeP , l 1 ITW" 

Bill 4a lnridrm|PLi ic'« 

I h alii Jial I r h a'l k'nu-i .il pif-filY jbI 

hr*l?.»A u a.- 4i rpUm n bt+whcpuI 

■ Li ■ ufr ■ kpJiii I k bi niiumiiaNWhiiiU'Aii: 
haaiai lilarl I uj.r +1 rvl "iHlM? CUT«f 

Vlwv *1 t\r'iV r fC J r*«r- rui rnli Imt 

Bi laaihip . jl Ilwjb I ni ■■ I 

AikMirifClIbailli ■ LvjbI Fill iaf bun hi ■■ L 

■fcrul ta iPria -lii lini bcetit 114 ., c-4 ifIL dual 

■ U %jCI I il I 1 E Ian. riaarrai 


|1 
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Appendix C; References 


L KilLU Onuii JbJ <UIrn|-lflh AIBBailiilji 
ULilft. .Vvji‘a^ur-Eh' a.r I 

Ukovr#;-, lldrvw Rnwh rmin, L-tjk-J a: 

I np *, 1 .’*fwr *>t L HUf^.lpm LI b ■ T.p - 1 i ■ ri 

a mi: 

X Lika . *rUH, ll_l.kli*. Pj iui/l .-I ef" 

KaUJ IWjl.*) .<1 lV Ll h.< lUbx SjIkM-UlnH 
rwi, !»>■ F S 

4 - IHiTwr M si Wf*Tbb«f fc 1 » 3 «t -VI hH li^n toi via 

+K IWI M. I n+Z m-Zr+MTl UJ.^4 ll«k.-r 

IV»TTT*«n 2 ". i™- ! raM h |a^~. v»^i-B«r*Tferi™p 

Ihnm^ | ir.riBitmfln 

L Kjnir irjIBii i ink Idyli .ijnjd ' Vi . il 

bVh-J**ql.irjl l!qlH*Lalhai. A Iftt' U.L* £ A,na"i ad 

Ukr .ravel HutTX MU> 4 b.«£ Ur 

4 topir rm- tria VJvmfvd Knmiliiur-t-: 
friKBi* B \1 tar*n <iwii» I IH l^ a. 1 

r Ijaki ul _ IL..IJ k . KJn'Miu I WnLr - fea-al sj 
ILi_rJ.i- li-k. i diJ-lBii: 'An i Ibaalr. hrjl'r. nil|i 
h-ili Jihl I Ui-vu-i ja.1 hhjil L Bj 'ji -iii L I 'mi. 

HbfeXvn HC luftf-i 

3 115 Gicfcpnl hr*y. «B "tern toura 
feibanii r>irC¥Frt *»n 

|i .. r * r ^>* Mar f MjpIii 

NrJbi mi" j^/Huud fetMU ■■a-r-m.iA- ' C J 

■' i.'ihi lu b IbilJk.Mna'.fku.lia'f^iLi.' k^Uj 
ILkrJj- K4.I WIA Ihadlr. Ij-jI •. I blq- 

hill LAi'i%J I tfcL-nri JiJ khiiil L klKn UhuI'iiv 

"jikifkai ill- l«**u. 

ID Saif-rd '.'nHh arJ -Vrn|+-*o ithnirnia 
Surf'd l-tti m - m rMmmu 
Pf^JK'FkL Pwm fm* ir-r Cmir ! >w»d r 
Inp-ii'm^ES mipwi¥'4.¥nwbilnti Ih#*ftiiK' 

II lliala^ In. 4)nufciiUilif l i:iuir- A uilii 

l^kigr.'. id Ibr LWi ilgii^,! I rjl Stilt-" JlairaiJ 
-™_«K Vi J tt lit 3 I 4 | 1 I : ■■■■' .V a *■ 


UL Alkali. IhIJdi r.i -■ IVi I LviM%fl, A luiaiUi,' 
■UkV ■ Jiil-h-ij ■ rh Li-L'i J ducii '-!■ ■ U ui Vxi Ldn 

rma.-w.r-i>:' 

1 b “* '»•■' hitf |*»_Lrw»n h*i IKi , t*"«bd P"jf 
Ul IUC> 

15 . rf Him ifcr ^rRirf kKup-Tn f ir rma 

tsi f r™*« rJ r^*i'w bKfcrJrrif- 

la I X - xidi>>il Jbati-r. IvjII-. ^ uLr IImubIi Pti^fcai. 

L 'li'i lull Va-rli JS. K WSa toTr. 

Vfii iIufcrLILHj U Uiia % lam X-F- JM IMI.* 
IrilpilJnfBJH niiPfn j-.;U I Jai «LlJsi-'.M 

J 7 . I E C' 

« *>¥*nl Dome -ail 1 ! »■"■: * r« fr v««"M“nai. 
V-naul llr,-il n ImWT. l-nln* V a 
lirin-iudaa -.j-iarr I » anlil 
lai| .i-.-jK im riu £ia hlilk ifcaal un. 

ft i.fJa uJl. I Li# ura Va-LA.1 lb.au jiij-jra Euan f 
&1H1M rftfn JLii rfwfe/. NibUrr-tTf kuh ill bp 

L«rii IJ#rf 1 1 - -Hr.. U.llraUJ I kUbl ll^rl h**i 

tftrfiRpn D.C. r»« 7 ,-b 

311 Kr-fc-1 I I-.. ■ . Iialnl i.lui dal V A Vfcaa.- 3 %U 

I-TJ a r. hi a i IV i\H Ar| BU.ii ilm i . 'nal eni 
i jdAiiida 1 |'aa%il>/ H-rin HiJ.'i p%_-. 3n !l 

21 . MbtL Ikrra. £uu»i r 1 ui*i l Uiidi w 4 
.Vt.y' h ■ rb L>ncN Sim Sji.vuJ Va-X ran 

r-HIK aW, p.-J* 


Id 
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Append?* P; About the 

National Science and Technology Council 


ihtiuuC Iha N.iItuL Sd«Hd» 
if>j'TL . Iiilijlu:<V CumiCiL 

Thi NfMHi’Mvnr rri T’,'l«p>fr t*wpril«2*5TCi. h 

■ H-haM thliui^ i i'Ja- \-fiuZfJ r«MB 4i lt» FkiUHJ 

♦.•wrthiK wowrirt is»"**r 

-iih-a. . j dr iB I biIL teill. HUJLJ UliJU k^naT ha 

Kincrtnl UaiiirEPimiAaii i hr -di-p-rrv p« t- -^ Sr 

,4iha. TBM.il JJal iiwpir. 

!■ I^ga-r i|a I lifniir i-i IhfVP; ■■ il r njrf-KiKeru -J 

i’Kii rareid pah fai F-xknJ Hum iij Krin-.+w 
lanliniili.M-K ui^ig liaa iiliml m Inrni^ri 
IT-! IViMl EHftYfl H II p- Jt Tg » I Eli *f U C •’!' RjjilBIliA# 
inraa |s Tlhiraipd |^|bm 
vhu.ii Hai-iriVE.pr.nr nnyiii ifca jh ■■> na lj k -1 

anal ir hid gpiacn hi haaiai ir.-iian |iiLfr jaan’ 

ii ■>:■* f-iira^ >Ejiif4- .uia-n&J p oJa 

TfritilUiJahCdhiUI liiV.EHhai hpkll| UH-n£iTh% 

■"•nuci ilw !«T.; [.pm hrm«bi # -Jir- WMi«l 

f.imul lha Cmr ir lli-h on Inmnn -mn[ Jinj 
Hnui-I ff.iuuiLBiCCEHH) 

FT* nipw cl ib '.rtnan -n IriMmu jM Nr III I 
iiaa.H i:Ji¥[i abiatrta UJ jvill Bar !u TV. I k lu irn- 
dh i*thI dtimtHi a>l r+f^^mn -I hflnri rmhF.ii 
and. ■ b-vrkaJi mi d rli r% n da- jaiii U a- r r.liaaaii a al 

nrrjl i-nam Tin i«knn rurulibii ail npr»T* 

dr ulnar lal Hliihff n*rif a|pqpa l jbjI 

urr.ii i hiw hbh. rinTi-3|U| fi HbKTdjraraipB- 

(riar.r nrai ■ ■alijpii’kf aval pag.uti, nlihlhqa 

FncrjH 'l it f+T-T lb wf tn tadml Gotirvti pdflH 

*rJ ■larltUT-i nr.aiaa av-lil aal uiuj nitir inrn In 

ix: i t-Vi tan* ra ir te-ri i iw>iul Uri riirrahiuJ 

i-iariJ, aa'I; L iri^if ri.irari'ii aai iubi J maa ra. 

nudi Hil-lr-yrpTiir '■ilpi rmnn ml p-a-Min 


Conrilmwim-fca jNCHUEDq 
frMbObaQHTT 


— 7™WJ 

; aial.ilnbnV\i 

I In -C-Hrajffc r* I71<a 

ir*-. Bubi-EiXI 

■h 4 H> I ail n il y. I ‘A 

: K-rk-.-i I j| ' Ixul 1 1 !>: -Vi 

* mil rail >lrjra | 

»>* t«h>ru irw 
H»r'-rh WI|l»S|iJt- 
L #-U Lual. I 
'.La s, ar I ImM ISTiI; 

|iTI JH llllli 
+ I.U. Ha*- 7J-H 

>*"i ™i;rw^r il Hb □ I 

u*m lilt'll 
W.al rV-B-ah I. ¥>>ll 

WhI M afia 7 HI I 

-hV.nir-J.ir. 

"w — -:b r. id 

Wn 


ttwt the Subcommittee cm 

PlwaBf Radutil^n 

Hljpllf luhaa aaJ lnTiJ4#J i%ii>a t-^jr.iad J 

■H^mindrpid irtnn nil iifil kijdiih i if 

tkWnd iMthilhaAillJU'i.nb-EfarOI hiljLUi'i|2if hU 
ml iffl-: ***?«. mJ-iHiKn atn k ' - fc r-: nhrur^f 

a-.Bla Ja- 'iiUi kdl.ialb. JU|ihJ|i hilM. LJSb- 

^i.'.'iiiim- m R-ami* ludiiiku pn^-dfi a >11-71 

ir-h ul h a ■ f ■ ha mru h ft -iJUil at. -hnkfir + 

I^-tviyb cf-p-.rrjaiEi ir-mtaisa r-i Ki m- hi! nr- ¥ 

■ ■.kt'.luHiiiBhBi In |iAi 1 ula-n a al Juab* a- mil 

fck-rl’J- priav-minrtiyTi-idTinLT ■vk'-mrliRnun 

la anuf i| J kuH rr *Uj*. 


■' ' , * 4 . da-m^iairtlBrir I'tj^ tate-pri** ■ 
■de-mis otiiv .jnnn-11 irimuii vciuuv 

»¥-fr*b-arh , iahaH>lrwT < Bl 
-jiivi 5fc I JUM 1 k.- '■ a i . ih Cij hA; iad 
|%? Vha-i~Lch Hr -.-a--i.r a-a) ln'aa>ic-- j-r -uli a-Hinllai 
Ik Vit I . I Uk i T ir -d k~a1 aV udtlrriCff P- tb.*] Ml 
rmt irri™ ■"■ HrlHh.d rioPT ipii»»#ii 

fepim CfaJUkUVi .ha l|IB-k LkC i rf -kw. ■ UTTiVi. fc ■ UU H *. 

IP- 
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Sukw-imlltH r.n Dl«ai 4 e<r SrfntiHi Mrnhri 4 ilp 


£u t-1 H ■ a ■ rfl n uii EHUnlvi 
l»ducil*ri LvMfmhlp 

Cta i 

Hf*f" IWl.eJ iU.lUI 

'/k+ztaj 

DmJ W-KLV1 IUK3| 

r*W. L-f 

Cwh> fcS.ir*-,- Y.'i«irT' 

Stentam 

LaaiaJ LluimiiPi Ta Ja ’ll atql 

CxtOwr 

Prwi «i ihSi;- 

"*> l.Bj*i:>r . h-s'iTi 


■N»>h ■Ofca«PB«llrm lath ^nnfp 

£hn 

Ajui na iMii fLUL; 

h||ai» Blfciairi ‘*i.rkinr| I'.r-i^i 

■Lt-thi* 

Ub i a f-s-Saa | &?l U-]i 

CtrOvk 

Isn ( *"Jt ■« (! 4 ml 

D-fmi Wt-upa T4!f| 

■ nraialr hmlna ipHlrallam 
BVi-i Mai] Cj alqi 

Ct-Ouf 

i 2u*->: i i 

W3iH 

W .ifiavrv- ' j 4 a.U i 


C*+c-*n n m i ^4 

**—!«-* irrflBuH -! ti girti 

nd IpihiJ'ir 

M |n • F% ii 'Ltiam-i 
.E Plaid -La d a >1 I m ■ l» Ijja'rfj 

■.l UTafr i. InL ,j-b*i ,*#.r--| W-. 

hpafnwl -4 Cww«w ■' 

udiiijrvppj. liiixfU 

i* ■ »*-a vial ;•: xa<;i 
.S Hiar>a'r! l>irUrailH-i lnl 
VS, |i + M I "jfHk- 
VlS bfUiWlH 
> Ka.Ji Uiu |^,a 
»* C »tani 
*S m In H»| 

h^Minni - J ChI-ssh 

&t tm. r-#i-br -"H-p J-hi 


SaJairi lnap|mp Hau|n 

*#MKsr 

W llinl Vi*aiaili"M-kim| 
VS UE»Eaii t -^ilT»; 

L-fc. ?p»- *J *i i.sv; i 

haalnnil al 
LVdlri ll-ln {.aail Ouit 

VS lm 'JSa^jtr I tt Wa f l 
! IA Ur <Vfff •‘AM n m- -I 

VS ^ iCnar^i^alnl 
VS IWi iJaiVa (lM'dr.1 


I O? •: HR M™ a. w.l 

JPI ■*"*»" | VSSJff 

Lhfi-d’ji-rtl rl lliila 

!■ Inlil— li lUntar, 

. .. Chrir. tnrmfc-vdtttett-if ■.vm- 
M- Idnytariflh-.Mvta^ CEFCU 

L+. I pdk.-it a -Hr 
hfumni *4 Tnw^nftW' 

□r.K TIT." FMranii lUnhfi) 

V4-. ihACmi 


■id Mailln A a 


IS r 8 riw [tin TA i iai| 

IS VaihSanlU'idr 


VS S*n Syfc.t 

PirdlBBil J llraTS ka3 ISaaiV 

5 -Hvfcu: Cwrin he Hhih 

¥*4 ^ s ■ v i f-Vsn 

ft nvsi s»- 

7- h Ml d a«r rrnal.4 

L>p|a- I ra b ■ I x" Hr-aHS -a a] Hu r xa 
:-n i k pi ■ j i KrtJr: nulifc hitKb 
Csss— lip^wd C«pi 

WWWr r#*.iT+-*+*n 

rgi hr--! Iimd [■■rwsU 


'.+ Hn ,'-a A .VSibLiii 
VS ■Idk.lki-i-i AiUSH 
•i* t-Jl r^aa- .SJSmp— I 


■p* -■ " •> 

Saiir ■— rraa a ■ .*q .( ■ n m a 
Walkm--Sa.il 
Ik ilrdaJ HiE- 

W* Cnw Hm 


VS WaTa Ian i. I 
Vf S-rtp- M iVll 


I ■ I h-.- VI V^vi-nl Uniaij 
bii urn ISakka 

kii -JhrilV-i I In 

Hr!»f & i-:hr-: r r-Rndnl##- 

I v >Tr 4 i h- Ih-i Sw^l-.' 

■. A-ni i UJk-m.pi bn ^aan^ 
Ik Etowfcap I hnk 

r r >- 1 id m . Bill Wa la H biui 
VS j l-Vr H :JCt 

Up *.4 e'UMT 

•Jr |JTJ » 34 PR 

LHalad Udn I n 

■ I ardal KiTUj m-iv-iaanll 

Irk N -V i IVVTKbV|1 

irmj C<spi ** 

L' ■• l- ' ■ ™- 

VS lE-nlUdlalU-UM 
VS AdJi n V'lj nra'J 

Ui+ivi !■* -si- m<p#ainiin -pi 


S 3 


Vs Ihhii Eku AhivA 
L-S kk k u | Ka- Wmwm 

L’-n.-aa 1 1 j m I -J I In ki-nl-a, 
LsJlri lldlal Vk> r*^ 

Dt 1 1 V 1 * I .Sja dr» IKi l Pa r C Uil 

Is: Ki- lid-r. 


rv- Ifuf |VMk*|-U- -+-r.j 
rv r«IVIm 

Lktl+ri' M JI 41 LhfaH! I i i-i I -.4 

^ypl 'J p i 1 Fflr m 4 srri« 

Dr. twam > r-vJ M^risr! 
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Grand Challenges Summary 

H«fr* »nd C*H*l*r InlornaClpn Wharrgru) Wtan 
Hll llatlll 

■ In^am lira mlkrui 12 ms* bi^fiurj-iM - A ih# Mfi nsiih haul in itmw 

■ ■JSfli lUlilafl IlH ik411|. a hi da.1 iLill 

Undiulind Ita NiLmuL fruitim Thu Produce HjurdL 

■In^tm i»>b»jrd hadEiiifi'A'kiifH 

Oc-nolop Hazud MllljjtlBn S'riloslts jnd TccTinolosjies. 

•£*■»»■ piMnl rtpcinsnl liHfMrrMISPvlii p’Pww*! v« 

bIih^u iifiiri >+■#-> 1 ' »in itkiH nuiiwiluJ m puff. 

■ nisurr^Nlii i.4 ■ans i nrpisi iai|-!.n4C4i.vK-k'li( 

EbCDgnlnand Reduce VliLnc* ability or Enterdf pendent 
Critical. I nlras-lrurturc 

■ t.H ip h Si.r ail ■■ Iii1i| j r< |!Tirii z. *1^,1 jlar. ii ^14 . iiwiJiB Bar nilnn 

pMhkt fK fflwr rvrr pN> s-rfrt M ■<*■ nd rtm h lurt mr 

ltwn Dl ui4«r zivHlItnca Usln jMjndam MallK-J-*, 

■ 1 r ■ > I ii» J^r ■ I ■■■■■■iA |4jc iWr/jlil IBinBhiiri l'iJrp-r-. ail p ifcnl i^laul kunri 

¥itii :r-c^irl*fii nil imhkuiii 

■ .IMHIkn hi 1 ■ i ni II* lull. id «>l latuJ KTilUIBH 
BLhJIl IMI bj.1i I -l'ji I iViiri 

Wtimat* Hnk-WI^P BnJiailnr. 

liin paia #re i k 1 1 >d k*-jl tmAjfij 

B'nwii I*t,vja KJI IUIHMII ji i r-rtSi a£l laTlrbUlb- Inu^i trial h Lfclhrii4 Jl lul*u 

?wifp«y»»iT™iK»vii rrrn 

r r*Yd f |>* i ■* * rui m:! - - 1 * rifc-vib lvtu«ii at I m ■Jbcir wwif-. imirK 


II 





Grand Challenges 

for Disaster Reduction 


A Rcprtri ill ISifr 

‘5uhfnm:iibill.w fin Disr^tn'T Rcdurlicin 
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n» ^UrCUlJk^YJ «-jTZXliUk’ --UlilH k hli J .r li 

1 1 li I rvf. .I'Jllnl K ll II- Nm.ru I -r.irli.r JTal b CJa Ji^i • --Ua.il'-. 

bhnanmtt ■» Dtw«i Rrtjmon HEfm.li we hi m -iwiJ 

■ luLrppi-. ihjI.wkm'UmwJ.iftil tIhikt PTPii'viJy 
iriLrr.’ w Jpotp j r> I ihn ox an j nww -Ja a 1 1 fth nftkn: 
Mllr-n rfceJr '-Had JIiLkll .^- ’• E-nfllll- tLIIJJihl r- irlll 
UAriLu'ir ri hnl Jl ■■LbilAiJK r.T1 -JJIr ildinj 

flOfoUWl-ii tCMrlln- HI-! HMr a-.t.F.iyffiaiy f|P 

fiMIr ffilri. g>kriH. Cir nlmiiiiwl r«mrjiiFy ki 
iiIi JK- runt - 1 -L: amr n-tkik-B m-eiki jbl Ki Lii- 4 -^i 
ll II I ■ ■ i b ■ a r i C lAkh 

Ttiitti i i*-* \1iiUtfeei. ifc tElth* hlMiibMiiMriF kwk-hoJ Mlv4)p 

ra*rr'pni-.y ai|4nrrF'at*ii ■ :ti m- kr In ch i i lnl hM 1^1 rTriifilkx^. 

■'■JJH nv'BrH ~Ji|-|iir--ivjE-’fi iniiu wtl n f-3-.T rp I z- p.nvin i a tad 

ikmu Inn diunHi. i tun liUdui i’ur Ssir-m i-iiauHVHii i.-^cuaij iha wpfc.ii 
■iii lafcUh'h j i ■ I mlun ■){ ll r -_|IH‘. JEal rCMkW nrl Irm^ ■! H.r . tlflHdui j 
!'*TiT-*nP,v THl-M-Vir h-nj4f*M r^.l ► < p»|^r*r-ciiialpi» ^m.T" at" mAh" Im ■■1‘irr 
lunnP-rppofer rrp>iHip lira pjirj*. 

m at is at 5*ak€? 

□ ErnniQH AMI BADCESKmiO. A i.jiwb, u k «.aJr,iir,’ uuung.. dJM .aiJJi 
rtfnplj^ iHM AthMHbtAjtrAI^ lltt- frililiH itfcy 41^1 ippuiV la41U| M1M 
taril Afii Hid Jrfm are phtr-J t|> -i a drotl Itnii vhIIih IHg lam-ri, Ilk-Hrnp 
ii-mi^c-srrTni frn t-aihmii in ixrtbc in bun irarui-vi Iimi hsun kn--vn •■> risr- 
u ur. iusii n Rir ratal %>iL<rr uiEdJs+i *vlj pan* • 4 iniunJiniiKHu-ELn nut 
MlW-j IfMi-il 1 1/ I B ■ | li ml piicir I’lir Until i.l J*i j B r .in la- il iHk i'iHLI III i n 

bpi Irepr^lJd ■■■‘Ac * hip ISM ninl Hii 

ruMJr-n ixrnfan al sh^Mi in-i ile-s irvl i'j n ri--.ii ■ttWih- 4 in Ulp UnipJ Sirpi ji 

al ■. '.I ■ i r -1 1 I la >.rU. TilLiJ.n lii' r iaiUI l-J I C. +>. nfT HjV til dr.i. Air nidi frnU-EJ 
rkJ il llr Fla Li. hliaUiMir. lla- i| nr; aUilhuH lunllBB. In llr uiftinli 

ilrtrx t.«:4 j i ■■ il iii- warn k- H«n-bdip>i£fc Up- 1 lAjlr^ pp'rPIp fa dir EM<lnn 
ilnnin Aiuidu mi ran ftrraJrp air bi*»i LirS pj w.ii' W^ni J- m-l '■■ pji. 
Ua -.33 ji JM'im. 

In ."IIH >. lir^Jr^U Ih- x.ih-nl I hr ■ ai a | .rr lit iV nilJ lulHil. jib Mr.-drl JTidllH 

WijhM| I MnMJfii^Iwi NIST. S";+. M.HA, add FfcVL' in |4 «l iPUHgr. ufrd 

I’^nJnPr umh>np rrpMit i nhi^ ij d ftr Be f^trri. 

J 1 1 r -I ■>.! 1 I L-TTiJ J- # 1 -JtTtK □ lUK'pnL-il ill llr-‘. JJP tjinl lic-n 

IKipiCA In llr I iali-1 Stilrv Ll lliMf l illl h I Ua't- rtx a ialr TllAjljJLri 

mi MmkjiriH mctiwrie. 1 ffe iicai +:M>*-ii-T », 

tutcayaiiJ Ltn >k»Jbrr rl IIptwr mured P4ar T aiJ 4 1W ln(.BJitnu and 
Kimia. In kn tn 21 bns a '■ j j 1 d T4 kuuJw niriiid kio* Bj rm>nui 
hiia ji rurrp h l.-u ^imilri brr. JitfhH-rn aramu -ai itn^vaaiJ jj oil? 

..ni* M'Xhk -1 hi 
I Br >ai IIr hi|Pa ‘I'wiMaJM Kl’r 

^ I i>:!^ il-ifj ^1 U-nPHi ■ 'A-nin 
f-adi L- Cl. . LI-kjlE-l itf-dljl -.-■ *dl 
a » -^Liita'nj '.'TTr BUildlr Lkl aatr. i’J Faid||r 

'Mra.. arJ|r ^y.a^. >Uhr-J :U|. 

wiJ Dil iLrv T-VPB K.^n 

-JanJ|hl dHOUilrarji CMf i :uuJr-u 

HU Llr I nal I'lf HIJIIv Ul^lr liiTu Ji- UI 

I i.l in iJir.J^Jlai il j 1-iJad) ihi La-, ai 

I ■JRMir. Ill I ■ITd-J''" H-IpJ I* - - 

p-r- 1 ?^ ai '■• ■ »»■' iirl .- 1 I H,*- 
I dL-HI IB -liliJ.^ . 




> 

o 

O 


* r»[.>n 4 1 iht 
Jubriiiniw 
on Siuvlii 
KnKli^lui 
mvH.kdr qw 

4 f iktfMfll 
rf rtw Hjieivi.iI 
i-.irP'.B and 

C« iy.il 
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Tbs ftvw lir p&-.nriiHii ■! il- vjiili jr«l 

■niiTuim p i.^ujh in liv raj'ai-mLu-J Niibiul 

MMiKi Kfn> ^|, 1 *rtJ^|P||r,,V.Hdr I V x.Tlt, ad 

i^rnp nanJag l «4 Unr cJ 19 iinA>^r Ifcr imrt 

(if Inn a run 'cal limfrc pitj|pX mii - tt.i 
uuLH^in^ miK ihir. >] riLikii : im.v W:it 
Wl| lu. U~UA ni-fli i pipii . lln HOHiUV rial i.ik- 
liHi|| tutaji liffn-iRnj ||vr l tr rfr*-|i.,r 

and ■*»nns> 1 

Grand Challenges to- Disaster 
Reduction!: Priority Interagency 
Tum ana Imp Lem an La lion Actions 

GPJU 1 D CJiMlEME la: Fra+i+ Iiui- J r-d -Jb-cHH 
Nbrn^Bai ■pfim nri wfl*-" I ^ rtmfnl 

■ Ammt jjkl Mlj^u a.>Jnmib.iii emuluj 

Vi Clabi^ n. ilijiJilM. jlrJ if^litjeii li lt-ll ■ ■ j I 

r ..ana Hi.rii^.hiaiT ,i laftfirtMk 

■ fr-ilrX+i rial- ijli-fr. a diL g -.M I lai *J k| -. fcrfWr-Kl 

h-Jr-j| g], f.l.l> W !■ illn If*. 

1 Ihi|>>i> Wn^HT Wlf-l Un-Sin! rnu 
Tndrii=-nlPMH>.ii n i I'rj reap ri Crcin, !lH >aris 
.'■.iriM I • ri ‘-Jhllh- Em . 4 iuii*m£in. jibJ il> 
HldhilrHpiifcib^L Ip ■ I i arC-lu UMiidhL bit. 

m'm.'h H i.^isOme-: 

>■ ThiKaV i'UIj iumpUHib- trill S|p LfidUlliCai 

rifliif nil idmatewh a i n g num * fa-*!. 

*ir Kacii'i W?kIht' 5 ei»i?bIw uU-rn temrii 
lti|.nnT-nv Jalnai |fc|H.r J|V 1 laar| id rnd ’’jifir an 

•ii unl pnp'drh' hiiwI nriHiman? N Ukiht- 

mni d^tiihih 


SrtMU CH^LLlUCiE r, Und**U*id Tk nrtairt 

rtui Pi-drii# taw*- 

1 liii-pnrj riT-in'-r n-^Jilj -mianTsS 

rtiinriJ ui’Jirainfci^. diu nmlljiKii nJ 
1 |-j l j I ii-«iUi .n 

■ 11 ^ 0 *.' a pvi I 1 U-C 3 auch n cuil pt'Jjnni rjcin 
i. btntr drab iiij3J i bui iai.iii4if iki. 

I Vi- b-7 i rj i-.-tj i i-J Jiu - tirtYJim 

Ui.-urli jrJ K i j-uii^iii iuchu» iiidi jr«i 

■ lain r-.-.y \ M. j .i ula ■ il 

Vrl^Y'I'dUfrJ-. UltUiLi-il JEaJ Jln^-JIral hv 
nil jai'iiix iriC rija-iaariJ! Mt I mIIi-Ii*. Hm 

lain 

IllfbiM- JaTi j-.-Jaiirfl ill Ih laupa-.lia li^Ci ■ 

I b».4jM n I II 4 Hk 

I I.VjtJV. Bi-a *-r luYl Mali j-. | 4 u-rJ Jilaf liaLli.lfc 

hurriM- -*apj iriifH U|M rr"Kiii 
haflt-ir^idi.TE, ina'J---.ib irun-mril nr^pfe 

■ LWtof ii.ii/riui liirn.rl m'HrS- hi ii* l 
I'liHririu^ccHl! ■ + ii|r- ■■ripy**** v Wirr 
■ndkiniEdri nf ui i.cp+cHd tx ^la* rai aiJ 
Cl j-l.lldub -d DWHICU 

rHALLVhGE r', MrirUHii.i-J..'ri 4 iri.. 
uiw^ii jie iiKhr-ciaf^a. 

■ En*NM- Bii:lr^»itri.4'iTi'- IhiA «rtj»a5i"r« Vf 

1 itH^ia-i LiYirrvnlg^liu bncl r*1i ihriifr 
rjfvbttTv poinwt nil ilr m«^ il :f# 

■ AtwH" ft' >4 '“ikl nJptiihTtirJthlr. 

■ Pv| + i»- np™ i ...^-l-HH lu--rfl- 4 .nHHd|f T 

"I r-Tii; ^lUnfi 'J r«jj(h ■nlaic i«J 

kuuinnUiGC 


1 j . . il| ill jr-ji | -I -III I i n il II 1 
ttp'-JKi “iih f 7 Kf-nili a-ri'OphF-a 
-.1 LlTd-.l fcl i?JJl rc. Vi pfT-dULfi li'dTiJC i ■ Y-li I LJ r J . Ip 
Vi -U! riirddrl In fctUKp, MrTI Hi ■ IvlMTI i in 
a ■■■■■.•T- 1 |« I 1 « «! 1 ll-i ■“ 11 ilui r -1 I rwl !■-- 
if- t?J 3 bun in plmKT. 

■ =H*Jtd l */l“nY i .4 mp' rf,p -'nr*nf ‘^frfell'- ri^Bit. 


Trt.rtHl bne rrn^nl '•■nphi'>- aid 
Mi nirfiJK L-.l i . huj-.-l-f kj! inJ 
ciiu-zd :+ i^i. , jI kir- , i‘Ji-J.>. i-i «l| ■.■■■■.> mklud. kc 
Itr Idah ni^VidlBiHII. llipiid.p i* J . li JIVl hnliup 
I— iimi I 'ilhI'.t- 


— 1 

Jk 


mm.j* 
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Kpi“ ■ ?> -u Nti w -n-! M “■> "fc t ■ *d i k-p ! i - V(P -r> Ix-sVina Bl*i j;^*. wml 




Mml* • >■ 

4 nt-i ^ i rr i*- 

hkI ntwfKtit* <apn Mul ii-J Ir. 

L**l HT -J+CI giy llf%l lifMril Hr I ■f'TVSllj-n.i^-.-TiDCri 
IrdlllUl.lItt Jill i-llvd H -riilul Lk.'Jr.r I 

U DXff ilf iRf>m rc ?atL|ii iejI-iuk Nf c*'ji 
ummifc i_ EimhJ-aw.. irjluiii^ lultbn. 

aid ftfm.iUtKVktatnC ipfiftJld 

Uprutfi Uir hnuJamit 

• r^-r-Vp'i^r.a 1 Julr>.ir- .-.til I Will uHulIn 
y J*. 1 1 ** ! ■ A M ■ I [MW 1 flrl •.MBIinik'llM] E^ip 

OMlC tMLJihUt l|: Auiu- sftHV.’ti imlmi 

■ >. -aiiik Till.- ri H-r-x r > r«v liruil+J ^Hi-nui 
JUj-trir+fTl flj iliia^r , fljjiMrii. jflid liMUtll 
I Atin kn'jJ l^rf^Jrr-ii JJrJ i-rJ)LUI-.K kf-.ll 

li*. ■ Irii r 1 1 ■ i ■ r.J ■ Hr \jli u'ul M.rillri ^nttir- 

iteifl lfc*jhr h»-p«p 


. tJHtifi-iLLtH’.-i «K hwHr -ill TlFfWa-n 

U LI j-. jh nJmJuli iiiiaracrj tun 

•rJr.jl ifHiHiiiir I Lx liiLl iihiljIK nili 

w 4 tff CipliW mikUm 

m Uwnbiir irjuaui i*rii-i 4 j. i-q^iii Lr^rt taa j 
V« r t*VUfk 40 d ni|lH 4 >r j ,r p^nla-.-. - wl 
Ch hvrtiKT iilog vrvtfihlr hi Mi thing 

LWfih-M Mrnr#: 

'■ - I inrji. ill IB nil ‘'I'lririrHlUl 

rrur^n knviiiKkd nieuiii i iy I pthfeibii- 
kvi'jm biii-J -a iiirii j .hl i iiU I irimat-GMurtfi 
jrrn uamcuil fMfsaAr 

ifl jiJ-icrx u-.i-nraariJ'. Fluxing; inJ jurjil itaJLi 

ft j| k-jJ Ii iTbIH- -H kiTiVF nj I HF 4 - j| r I 

■ Tl J r-. I rifi a hi l+il i'jlX Vi ihtU-JI I'lii irj,., 

I**t**t 4 ltt 

■ UOMr iTTrlbllW. piilUir rirl xl^-LlJ-lr KiHMI 

wMHTlffCg. 4 J>J Jt'-i'M! J 7|"1 |ari(i 1 ifj 

hjph-nrvdilr.ai tiumi-ral rtwid*. lm|h-rc-j&AJH 
■ilwmbn xi J InpiPifJ ri|r(Khiii m Mur: 

■ II n';.Y-Ci"i nj.U. 7 - II HE 1 1 . 7:1 KT p-: H ■'-! fl iJ lid 
^■lAlltHi. ji irJ II ■ 1 r Meriil La jlp ■■- laiUqS, 


• I 




1 


P.cp- ■ 5 hwl Tirv 4 d k* 1 1 1 w n I ’^•nAcfciq-Li-'!. waxtl L»|'fi»nSfV; 4 l pan 
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Ltpeeied Benefils: <*Mtlng a More Dlsai1er-fle*ille«n Amerira 

F kltLlU 4 u dlplKbkUJCjin |iHJ V11 I-.Ii*Ib I ll.dr LllalM-lr^Inll .BCihliJ, li.-n fp. all 

K-Jrvad 1KJ > i £-i iir ip,a|bM h. id laldW-tbod lad JiwtiibiII luml ■■■ ir^nul ■ ■iiud.i. la- jkik*> Jiaj 

wml nlK«* protikk l&i^ WfeamrEkn ti<4C al ini 

':™rt 1 ri h Me ktw rtn a iuic him b m»irt, I ii-I-tii,; hjxjJok: fc*. i hctiJutt iKifli>rE'--l 
jir I ijwLlr nil- 1 jJiUpii Mil r-pfcl b*rrvi, aw* ini rui-k- p.Miiai..;. atdiMra li*>i Ian. tail -a i . k L ii ^ruiri£ 
.iTi..uri ...... i .kM-j-.r h.ih ml I* Wt ptfHCVH #Kl l«ril *uif. Jfti FWtlii 

« nnpi'v rinq^iKiri >,4lilit, 

bCPiiih -ri ihfe n hi iuarb /a>k a^ei rr-J inrn pn-.-ik'n ai al I mb N mh 

J r 1.1 i tf Mjjur.) uaa --ia--.-j.il IH-Y.Ij-iii l.-iujj J Ir J-Ji-puaLk. ll J--n ir-l |4rarJ.Eip, ilpj siaiuil i ■ Ll i nil l.-jJ 
r .1 ■■■it- i-lln I.Vr lij i iai a-- Jb k I r-. iB*jiiliar. 

n r> | ih T l -i ■ ■mmfla'a waplffw p b Mr +iJ aiwuf aAn p iMttrii a — nl hi Mitaf 

rnHk’-f-rmip pa i n f.t tip i iniaa^ iHtn-V.--fp oieiIu |a-f uai- nil enluiK^ rrrp--nra ind ir-.x-nrv 
j?WaLip.« ain .4 nf>iHcmuJ: di c ■ %.> ji.il km Mhitiii hub Surdiiajifcl ikId^h nil rutk 

■ ■ r 1 HinTVr i Ui rid- 1 lu- -lil I ■ ri TUaVi -1 pf p.“j I'd fill IHidrl I is hP- J Cl ^ f i-J Jijr-i.1 oil II jV dial ka. Jl l»ai^Li-drl 

■ iM.1 Ivin J Ejarg-nwy !-l J.iJL-i-r.i iVji-n-ir 

hill h^tdui liiUjh dl kilar-l.^) 

MMI Uka-d . Hud. mJ dJ»apkrrk Undrhldl a. 

Ml UFfJbnn-hapMiw 

h+nnrai 

i Hrfeu.j.fei. II idD.iul kULML.itafi j ar i :, IjI.-Jj i*i_d j.- ikUJtuk 

“Yiu l-.ir.iJkn “V"1 ” n » In 

7 H t --I- j rbwiillD. 3F-1 »*7n»<b«:^ dai V Imn#* wirt-n-h »*r iY. 1-4 %w- |W 

■^rj .Fmvak^-'l^ IP- fc*W 

J. *-iia J i’Jiuv 1 'll k > lid.r^K-iTi Pju jriiak- ha Km ji Klip .'.wm ■ ofc rmi-i ■ jm'iV f-nri 1 m?. r| l 

Jilahnnl-ikjiu. 

I In I-. II I ■■!-. d. (kanrlllll »■«? IIimBi* hi fc-3 Ma. fPW .'liJ.iuilr Uiukik.iuld.kiH 

FHwbn pf MW 
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Attachment 6 



Ie-ium 1 it# CTF. tui U hi cfrid ptkinp i rs- r. * ut-J ikIviJ^v 

id I n" J d ri r . dhplHt p £ 1 jb ai h.Ttjdi hi lUfdJd 4lM Caul a I'.i'ri id+.id F^. #41- IK 

Hr*t n | 4 h imds-mi ( «rd«H--»nU ■■f-.iw i»f#t*«ii 

nf n I'J’ -n i«w IwMrn Oc> ► ilUif ^i^id>.riV ■p.Mrirtp.rtf hi itdiiuffiF 
U'i 7 fc.n 4 ilJ h-iuiJi ii kJ nhimnj Uv Mlrcy and rt-.- hi I - h-rirqc -ii -mi rf 

laandiil u^-.vnauiiL Tuj n ihr> JMi>.JLr-i:-Kvd'« mplHiKiiniii [ Im. i#f jI»- 

mIi gvl &V kllirl iu.-Jl i 1 I('tl IE. Lai •J'IiiTjIilI | d j |Y. 


Whni i* at SJiakfl? 

BEHIlfttl iMp HAjfKMQilVb A Iiurn-Bir ir^h.%" Hhii a Ipt-IisI «hm nMurti" 
nfifflJi i- i-.+i 7-1 im£Ns pirh;« >7nmi ^ h. tm* die fu tfiimni ri 'J»r . kilim r 
i.'rran-rurti yw Jcrnp Inin nr irairn l.him-Th - T fi hi \ C»m ■ jr-pnird. 

iirricilTJiriii'nn !a nxiv.iu - 1 nnix ^ic l’rdtfj vj h-s ■-■■jiiIih xiHVrii Ti-juj ukI 
hlajK. *Mkii Itje-j him vrvn-^air- Ini', ilr Ikj*i ijii reui «mh jnJ Him 
mi timifp ecnnak'mn mirpiKBUi. nl -idry aii-jnni-Tr-i:. 

HflftULTi. .kiiB-li^ U I lilA Iialla jJn jti-ull AdVIHiVFi J lt> ttfi ihi i a ■ » I M4lh 
OlUI-HI jH I Idlnl jlilr . kil iK ITtr 1UK-J H-iiJj hj -Jiia i. l-*.fYdZ Bi^l 1 1 a 1 1 k .■ Cm 

i. ’Mlm'l.l "r lnl j II I. l I' I il n. 1 1 ■ r. r. j . . - - ■ mI r J II . ■ . ir II u, , ",r kmr. 

ii-. iTi iifi.liiBi liana j Jr AiJinx la !>■>.'. -*lia I. I ..J irl 1 1 rr -lUJ j I iij I 
lai.li.iJr k r, .r a I la- ■ lidnj SillfH TTa- .i’l't, J I a II .J Ta- -jhit . P. dr I iJnl H lUiarJ 

ibd Ii biiih-ncL + HTlp.I’ MililbUtr l.i|‘il"J S^air* ' 

Ilr k*wi >Jir h Hurirurt hftnir. HI* sjpJ «Uh Iii irr rlii l*liy 
-TKmtir l hii ral' s-'ftnlr- flM in-jp' trnv HiirtniF! Uiui ml FJii 
EF™Hllfr-al 31 J^WD-TI. 1 

Ihi Jmi' itr I run ap w btt dtrna inllil ruli-J 3L»ri ml ifr^ini j 

li^aih'ju ptranxifi ilr. ■.Yir-j-J lim 'Jk-iti D-jfXdU'iL'rVadiKi. 

ksVrld r> llT.i Lrlr-.llllj-vJ J i+i' J hlll.'J&J-l ■ £1 
air. I -tlr nilur I 1 1 d rJ SliTri dial « hiieikV, 

Ihi Vi nlr.jJ.fci Ibh IbdKflJi Vi hr.-d U^if-Lri 
hldldl ilul^ir LTf&lTIJ Iii ilalla jJn JrpHlJi 
1. 1 a a i mi'Jiil, iidJal i Hl jiiir | Li nbi| j nl 
-pi- -I aiaiHil Cr-. 1 1 h'ri | L J L -.vrl I r. rln m> i-^adur 

tr/wr#H r k 1 pi?.T I? Mwii Isp^IpCI "1* ii'lll 
ACHRI 1 \ WrdJin tr«B Ii K|i^i*a. jlUiaUrMI 
ri iwj. pM"nif!hr ferffiiimnil *A 
iTrirop hniHih-dk tv hitfirr pn-T^Kin !«' 
Shki Uktl Mr |r-*-^rjpi h#- 'ijNi.^’M.- nvp.nr# 

li’irii iik yiA 1-sfLiria Ii 'Pi-'h.-'r I -Hi ir 

ni 'An u if iv -.■■uriuii mf-J In 

MCM. Co|iRi ip- . ■■pup '-J ilif , Jik|ii r I >+r ■? I fttii 

I ii. j i ■: i ukl -.iiJiKl Lai lir- u.j lai Vi'^Ltid ' -c-Jir- 

r-wtrnr%|-al MCT. MS. YSM, aid n.Ua m | In. 

UlJ u-^-iJtaj:«- l rvJrJlkilli driLk'l 

Ini kll-iC I--: ll> > jlr-J 




* upon *1 iht 

l^ibrrnniw 
Wi DlklkMI 

K^Ih^Iui 
wvw.idr ^bv 

4i ■iR'inil 

rr r+w Hu ml 
feiiPC* iP'J 

’bdvHlicv 

C«iy.ll 





Kqr ■ ? > ■" Tibi J hr^-r- > 2 - s -i» -rk ■■ *iik w li-Vf #> Lp^>r-p DL-i Iww-ml 


Grand Challenges for Disaster 
IteducSkHi: Priority Intei'ag'eeicy 
Hurrinane Impli^tiisnlallun- AdicnB 

CHALiENl': n: fW+fe «d dinar- 

^.k...»n.i Uhnr Uri *fca-ri fe A *H4t4- 
■ lTfP.is iTp-dm-im* Ms Idr>m#lrn ndn|s 
Iflhmi N-J- ISl m.rrjIH Ififfilndlfl PTICai tiJidlJ 
MUfUHI ILMr alal I- a. a^ Jn 'r- . -Il iiaLr-li rilJ 

m> f fehr ■’! iu+ * MAm. 

.41011 jfrl lil.jdlfH U-iCrHfVlCarill TJJULLI 4 . 
WllpJiift. iajuiil>. li'riiai ia~ iai, M,\ ^gtfl l lBNn 

►TBfbr Mcid. 'It'r. mi liu-llr^t 

- AiX r Mtfr it^-rLf A rri I Jfa'i ftptATiril if 
slkSHW btHliihfP«1n»nfcnh n^rlj. in' 
krnru'* jIuMit? ?- *1111 IIttk Hhc- irp rkHvtJy 

u JiL. 


:ri4u.lff 6E r e UnfeHJmJ Vh nrfai* 

#*m*44*b ih m ^.-a-ir bwm. 

■ C-ciJ-J m i.TOifilalviiali ».d Ur UJS. V">rfhn 
k- it ji.Ii Ii-^ijti ir-jrcMriiif cxf p^inu in 
hri aM .‘Mm- L aWJ II l; 

IrifWiM £4 xryi-BH'ii jcd 

I itJarilpW '^Ki-iaJIhl IHTiff IpUF^ II rMlL 

Ewikj? lL|IHrf >Xr3 HI..^-l-jl Blf M|CHld 
I K- filK'jn IliiVli I. UliaLllr JEd i-iMiJU. 

iaa.I.iiB-Ik j.lur CUii. aial Id IH il riy. 

I Bif I- a ■ 1 BlabnLkJJaJ^ atd VrShU^ i'J 
MglJi fil* 1 li^M liir liala rill a fa Irl 1 1 a U 171 r 

(rfiYdr* >4 III ill) nr £nin«. 

lai|-inir- Ultra iTr .J-paHMI^ lijuliJIn ai.ladh*. 

Ik m'rf Miinim 

Ili'kKiir JrlltTf il j i al n In ^ Ir-i i II <Aj.iiiJ 
wili'^JIiir'i iwfoyipjtj[ r-Ml^inj ,nr ri lid 
ni ■'KTm iral4rrr^ ir;K/ |4rJi-m« hi I 
rarAc-rki nr- rf pen ■ ru 1 kal> |,rtiir-Jju 

rrhlHiri piril-lldfWi JiiniSr.-ia HlJ II irk4 

■ I :<H.v i- ■ L-fXaini'jjisJ ik*.ukij uj |--n liiimii 
lr£ . II #p^l, CS.I A'ri rKkJrtu-Ularll Jfal IriipJal 
pmHKiL 

'-■H ^ Li [HWJ.£flQE rj Qmlw hin*d >rlb|nn 

IJ'-tT:?*-;. avft InlaaA.jvr^ 

■ t-i ilunjs Wmvtini tvtiwn rii kMli - I 

t-^IUlrCX itMdr. EIM|s%IU 4 lULldll* Ilk 

li.-.'ilHJ', liinaili lai |L.1 1^ nJ H aid Lrr-J 

yjflifpM > ik , & jjpAn^"ii d dkiJ 
nliE*T'».1irr. ai>J f-*. *4k cJki #j*>d rner+_ 
inpaiiE jjiJ nicin^n. 7 j;, puikiiv ninkb 

I . iral'.'fchuJj vela 1 J I r HIHI Jl k.l riJ r . 1 IliL 
Ua P J' Ur Ir.ljf r . ,.J 

li-r-.rh.,- j ■ iai|-irirHiii>.r uiial lliririi fill ViJifl 

l*E*5>lir I lie *rvl uJsi I MfIt MHAaj 

r->-ki Bi-J iCTtklm aEjramrjl rxfimmj n r ^rt 

■ 4 Kiral r5 r.l! -II BTIKIII ?l 

IJriiJ; ■ *i f-r-.i f- 1 talir-niiiri. Jr.i-Ji. 11 J rr'j’ii 
4»a-JiL.i:hjn^i lx. fauik’ju Jdnav jjkI ifj mm’ 
ISmkT ln|n*rd nrUrata l'jr«nnii| rli h . >204! 

■ ■ In hm 1 4 k i ■ a cd k :i'.thii uiftm u uJivn 
lilr^irkiE.-.tHAi'+l. an i-aaVIll jIHil 

£fl*kn rHfc,LftC|: H|i Hwi fw -*i « iju% 

B 1 Ln IMTL lilar . 

I-Ban iirrllir | l^n |B. I> ri llarl rrrn I nrip.ll H'.TIl 

ii ip- ai>J ihUk.B r -'« k i ■■» r-T ' (-'-k'niiiH iir 
cr+uii En t-t-Lkir^; t- -mi ri m- ru -.i n ■ W 
bllli Ilia lair air I > ^I.HLU Ki C 

Amii Ui %UE>iiJitii -il an aJ > iiiiJO.jLi-n 

riHiptflfli’il UlUriilaTilr ala I tllHlUl LfollHM 
La kMTk iaH 
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P-rMlrf - jji KRum.-ii n.-Jtljaf trot 

LitUH niw an J Krm-m^'i.TnBtn^JiHi 

■.'.uriii -nuniUlifd.itJK irihuiufiiuniVi 

UtMMn 

WHS C-iilLLCuSC NtoM i*W*n irU*«*i 

■ Aura muTiiri nidi n- ■n--rj.ujjl buni-Jiit 

nu^iiar^ urjul bwki. ItvrM. Jim I 

(■il4 if**-. 

■ 3a| j-iHT1 Jik-JSiJrlR .‘ifl'AUin ^UHiJIJ Hid 
|NnHV<tI illHV^a-i afal (■iir-1 iiHihI inhiriirri 
■flh n^"|wr+rr-|i.p ir+.+vjmnnb: 

Auto nrpew iril ik®«y rJ immuiIiI jr*l 

■ -i*JUj rt ii^. Jr.u In hai|i. jar iLiiij.t 

whs cmivtt «« P-wrtirftKBfafrMii 

■ 3 ■ ff - fl »di>dkn.i rturjidi -ii ii^niuJ 

■ ■>JEU jL.--ilJ Hri iiiililUli IHpam IVi 
il'jiln Aalurj. 


■ Z-kmhr lEsrnvH ihi ii* uriiiki -i nk-ivtH- 

V+hMVk tiEa^lli'Wfl Ik &UIIA4 rl'^iHU- 

twill Mi-|Ju#..p 

■ jlffidh' 1*4:41 1 Lain ru InUr i ■ ,-il r-fi-ill'fr 

■ ai ■ ■ bi a ■ jlr ■ a ilir.. t •» . la. r %. .r.i4 , 

Whc MikI'-iL fci Clrcaic Lc »Jir Ivhrr 

■ l^iiai kfrl laical la 1 in ■■h“i Lei fclai..; iJ lYjrvai! 

«id HuM^ -rtahanrif^- Ui |m*« i iMi m 

■riTiMBilni; I A rlw -iirriunrr ui ■ Ilk 

Ji^iUJIKril J.lj -lr.--i.IJ>. JM-T-- -3 JH- k 1 a 4 U 
li{ikliirit>xrilknfT (ttjt ui Km m «ar th -I 
■.-■urihniJiK-E riTKni iIj. diM jLicianJ.^! 
Ill llarj jl mil IiilTi fifi’i 1 . r |M44k riJ^rliLiliNi..; i4 
tMdttln iHk* iirwiiar. jriWHfctil*. 4frj 
r-tn h Ihi piwrffihH?: 

P ^p|rnrrT I |r^p«lk. 

^jrtufgrr. if* n.*.iHilMi luiimi#^ 

7 ki m- NhiI-t, tnwki-lpT c4 * n mi r h> vJki 
■ p*ir j ii Jun-rf Jura hi..; 4 «f. a i iiiii /ulkriMi 

iii l irjkui 
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Ejtpeeted Eknefilsr (laalin^ a More 
DlBaAler-fteslllenl America 

rUiLlX4 du I'd all . J I r~i |-K. dl. I li ( -I ;-i E rTJ J I r -i ■ |4ui 

‘aJi .irrir J ■■■■r liufVi li-.ind UiiA'a S|-n fi.jli 

Mvrai Isjp* « rri HritaHMi. 

Conftr>J Jirarmnn nitli ;Ji -MllrikM fcvrxr 

ULIJkIILUkIIK'. A □IIb.'ULU. ImUI ird n I'^ifll. 
i r ■ J m. Is. iiU I ■ ■ i i . j la-. 

'r«wijn yi B-Ji hVS-T <1 Wlf mV* H 

' Frtwrt ITu afcwni tm ihlia^n 
Jlnl In-Mild .i |-J t iLn rd ta'-iJIlrvI HlL 

IliVr flu-. in HUT "V Jihb '■■ilaiJI In f IH hlr ai .1 iJlr *lJ 
ir|4rul*iu.l«i4r ^iri rS;. H InilMr l*#J L llV.lNI'. 1 

rixuctBii. -hi irai iiifr. »mJh- 

praxpiisiHi lk--ljy ml mnliina if rr- 3 din 

| (L-wri "fc'i LiiiJlilL Hu jy'J£d I I V HlLjrtal Lit 

Ifiij4ii.nl r.jinijc J" ■ iJ«. -Ifpl I-jJ IliiF -*l itiar 

vfinLiuJitfidlwpnfintamlnJKlIq 

nwwftm. 

vAinii jiilifc ue i rfi Ah mnk Hi>£urth»J 

il. -Iiihalaai ■ 4 I ■/■■■■ j C Til ih ml Aik Jib I |i r bi i 

■.-•■ittjrJ pill dJn.q^r riPdiMi-rrriktif hHi -CtkviJ 
^iHKlhA' tri-J i.iun wmip a? p-tJ u 
irf-r-t’am-UKl t li.mr ktj i-JMiir. 

llUCrl-VvlrU .aAMfJHn iakf+rl+Tad- d-L'diali 
■ L-jaffaii I. >BV MJl r.«.-Y Jir- 4 MJfcJ "***! 
h«i (mwJ.lii". riMi! i-.T-Jirr i p «-i i --tl ; fir 
■XI JiLULUI-ivy; UC Jllr'ltlj mL |i K'^I*CI ml idx 
bl'Aii iiEJ.‘JI fid III I rill..; LBr idi-.JIrbl ml 
ri|ri-3i.Tiir-i* id n tii -ilia. Hail laiBJafliiii iirulaTH 

uel ifr.ir'Eral ■I'-'fJ! ^Bl n a t*r*.'A martin- 

rT-T r -liarkr inlrai 


Mr^fiai 

rUU hufrial fijia-rjjMit. Uaujrin J Agna-f 

HifiH i#ti IwEriMfci 

P15T Smk-TijS Ipidcjh cl iaJ Tid>>-+:-af 

HUM fiul hjfjJ GUUflK Xk J -<Jhr.-14.knl AiUUAiUi 

■hi kihaU Lfiair kaaJihai 


Htaaana 

I il^i .ln iuiTiiB-ai.{ir. 

? ■ laufi al AHA illufii MrhjarlMai, Tiihsiul 
■ ;lTO*r DdPil CcahL larp - 1 ■■■»!■ pr j.- iVHi pn'.H.' 
: I li i a k i Ui- uv li .1 j i r v u .'f >4 bill 

J. fiRjj .1 mm 3 i’ J I .tx ■ bai .. l' 

I .iiiJuu I m biii ■xlbrvih -111.' hm pfcmi I n .i1 

»T. ii4f- .nr-.* .VaUi-il h Ilf V la i NMaupni 
HE&'-fi m H pipwi 1 f-:-V>H n nip Pipip 

r>vfvi^'F.''^i 
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Attachment 7 


rih' SnBrfffttlagpa Ante 1 FiiiiLVi u- j. ra-^rn tcji rpo 

rrjfml I * dw MbicuJ fcKiKP uriTwtir/diRCT '.'rtn-.i: '■■ 

>p»>wailllK mi Hvr-M «*»p.Imi 'Sul h :■*■ hpll m-OHrJ 

■ Ivjh-afr-i ikU Fiti 1 .iLL'iwi fill I'JIuTb r lYUllinn 

miKihTE ic- -.Lunin od'tD cm r ■ irxrc ifcirrM-nnkmi 
"-jikh TTvr^r > ; «ril "i iJnif>r-.Tpiir h vinr l r.itid 
■ifNilni ■*■ "rll b> i^liJv-aMo^ii Mirtc-iBuJ tail 
^THTJWn?, |riiH4WUl «KM1M ildlTi^ !UVJr.i'iH 'III 1 
j-i i\vd r u .vafarcu did fir niffii ivxrennn hi 

u-.-tcIiIb onulR ikmpxT r-tfcii/ii wj-tr-r i i ! nrl n c+=sv 

»J R*.* . 'A i ■ i m I IK 

l-pii-— • tlr^ lliJh'EL’T-. llvMip hrlKlniUV'li'irillr JiKtOtlDd lnlH<+jfi' 
HimpTirT >V| lriTl ll ll M HUMIIT NHiC 1*IK tpHi irwlli 

irtiflv AJJ I m Ji r Cli » VTff fllVri.C.ill HUGH HVl II^IKfi ,-ffTa- ! jYi - i .J|U.1II ID 

|ttt*.ip iifip.T'roi liHii-.lr-.mn-- tfm hritlkrp-?ji ’■'jikh \ ■.-■imiiiiTi ■xs miimi. 

Jl lut-kO-' «i I ntiih.Lip.ll'pr'jWi pM WWIK cfnL 

PiililitiiJpliKuiiriariL ihh|.i|-Tr/irtn-«i».|i-- 1 pnlfr Uq-ninr-AI-r pkli Sr? 

jhn uli ji lYr -_u k t Jiird-ipA.ik' <rqidiru jimi |i a l 

Wh3t tt *f SlsIwJ 

Dir Hrnu AID HMXSIDUIiD. txh ■.r.u ar.wlf r.Ur II ih* I rih-il 'dJir-. 1.T-. 

1 1 j I ■ l'.b'- li nf vi ii 1 1 >ji xtipt !■ jiy Wiw xiJ-.ir ihninp.r.ui utcc£ m-fe. sn-J 
cdil Kir4 mur, E^ipir ihr mid jcjJ rcrmric npcn din rjmi pcocism 
*Ih» h-nflicr -nidi ltd kit* irnd 'dl ipfcHmt Kri-feinr 

iiiWitv wn< ii ilir aruniFnl ■ ■■r^r.-.ii.* ■■! ilriak >vSi ■ r. ■ ■ r i |'i ■ ■ a, 1 1 1Y1 
UhI.I-JJI Jhi'+.ilr jj-iirt-vj- | ■ k r.l T^. )i Ki : 1 4 1 Jl. fi ■ bi IjI villi iMHU^IlH III 
lUMnifun'fid ancwbU ihptrij idrih on iibeiuI Dtwrjbn. ixil i>ir mifart 
ilriixti ire dial nu>if,'lnr jiJ Itfem.mrc. I r. rai r . !Ni Otearl 
rrtiiT'J iK*iriP> vrfMHr tai'kj v ‘ *tx >irt rd ■»Ik \ rikniJ Vdnrfli. Did 

i Wllrf i 4 rail ■ I. J J" liVYiik f* ir Isr J Ipjhil Mllfo [■¥ ■ i-.U ll Lb i iVlkl irUlnl iVJUlii 

nthTKJH ,Hi c>i!k is dimi i ilk' il Canfrlf Ihrxhh IwiiaCinpif'iud Maiiikif 

IZsiriaLH' Jisarfi fir “ill 3 .\nl > Isnivi ilf ninkrcl rdd'nlinl-lrjli 

llmu lc#--nffl?riHKUV 

||»MT5 tmmmg 

r.i I In' hV.'IIH I i L 1 1 iW b>J 
t iq a ■ .-■ 4 . term iv.' -j i' inv 
p-r.wlvn -^nn KoirupS 
llirKirs (■ir'd "^ie 'V 1 c 4 ii 
^ irt ■'# 4 1 an etf k' 1 1 rfl nm 

•i alrlli >n «U^lV . 

■1 irja d mr unm rknr^. 
rsMi Ip."jt db i •vrdiirigkl 
•hi I ■ iMudliAiN 

in 1 +.-!■: ii^l'b - itxa mi iii 1 
:4 *m ihk -si 5 jmLv, ri^p 
Y 1 h.>. 1 ■ - -*i 1 ^ n ■wwflrr 
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|nd».inii! I m3 -n rrpcm vr, re a-.i r-T mmu 
cmarxlrttoi d *o-iirr “c-dtir nlitr itiii nir 
Mifry iiji fMM rWHni' "XU 

‘rtf 'ilrt J^HTiUjVi f CiV.>JrfT^ -W 1 j IIbM % IlM r 

iw nidri.L d a pK4jlAfe»i lr jjirak.1i iu ih mn 
(Yap. react :iuUrrvn Ifc 4l iuj ri h d |> i%i i ha id > 
■Jnrwr'Iir U-wit -.'■■.i *■*&■■. '“'"'.■.O-ifil" 

Jiil I 4 iiLizh ■ » I h 1 1 i 3 ■.OTtfisrocnii fku-m 
^‘irvyinn thriqcsti'kim k -nimini 
■'tain mjhcrvriri uni r -jnni lr>J riosv 1 

Wand Challenges far 
DiasLei RedixMan: PflorlEy 
Intengwy Winter Stonm 
I m piemen Lallan AtLiunS 

"dJNW.‘ • *• •• FtaHdr ^uiid i^d 4 »If 

l.lyiur.v, J„, Mj 1 -*H* k n. ■ i-n_l nj 

m 4Wl U iJ'r*!' (tWHfflk iMHit- 
a -rl 1 □ 1 J-a^r . j ( *.tti nai-igiuuian iLoi rwr 
irlifai dknmi rtiirp >4 iriauntii 


SRWID :il“lLCHa-: la. IWfeHinnd w uanl 
PFKI-KHn ■J’il pindKB hUlffr. 

V L nJaniKl ilic himimi tqui tn*nn mi K'i 

mm* ¥f mojdMii it t ifcenMtiwnjL 

MiCmKTuftTrud muaiHi 
itluiin |fi\i;iiiffi ai ihi M^urjol aic-li 
Iran riBti-» , --r-rinpi jubiuapauri it la taui 
iaardiirli^i.*iiMA] ki llrkudlMi onr.diiJ 

l.-r-.il^i I i-l 1 - ij ;^i---i-i +.i'i c .1 -.±- 1 fnr 

nil lei ilia -inatan ■IwvKl'iikir d a»ns 
wiihr h»Uc 

Pqfef fljiwort30f Aih’Hiiiir DWKjWRI 10 

rkj‘j> fe£pi£«pjrfilHii u .vaJ irr# 

Cndji Bawrec3’3H>ifKiii3ji iid.T ±'a iKtnii'pjn 

kw iMixti|LHri.umliii]il iMrlkJr»Ennlr 
ilmk nC V«cHliH|4nK ^nsrmilmiT mi 
raaMhfv-ftrti* 

i:-r.i4|i In rJ-ii g>J aatpuf.+F-lKHiYi i>||ifi 
loc h k Ed on ■ vtu ■ ihef Ijt j’n rkv 'Jt'wr" hi cti 
ll«L 4 irw 0 K*il -Ma rekiriblMi.prji dr- 
ill Kd lOCoOTWWf! 


k*>- ■ St.llrni'i.l, rT-'Trf mtd--'lr«jb.p.«| - H F --,. Will tj.1 F*~»l 




■ Faudlrti k -J-.i ■ re 1 r-rr h«inn wthIkt-Ihi it j 
ireia*rei OittfatriH 

■ Pvnwy-Jrt-i#EW-irtA|i|T B r«-’j>i av'i^wir^-HViMi 
nr pc .a i-l ihc •a'-anuiHncr ic-vi ifcu, 10 Lai 

Hi ira'n' indiiRi n niufiiic* irn^p tnl 
rfwc |.d>jhicL 

I il*i ■Lll.'i l-Jtnl. Ik I rtf jl-il h-rJIHiH 
hil-j- lUli-al r.al j'..^J>lr*. i iVfl IU I h*l l! I ■ ■’ 
nictiq, "utdJnr idiprn in I nariaia n 
■f|iw' hi iiltpiM ■ 4 rkr«n(kninMii 
•j nin ifwn 



119 



n i itnw i I'rrx-n i impFJDii f a kM 

WULWKf, ■•■w<v1K lillvni'.r< -kid i^Hl 

|-JIK Till Uid^fll rl-^IBU-Ta 
IVr-.lzf j.i Lir-. [fKauioi 

hanKn nivdjlhy kx Ii7iup r in 

ar'J mW *. tlii kJBfeML “tuJnifT 

LI *j l-.-i Ii-Hn'. J I j ■ L-J -VvJ ■ il 4 J- I a ■ .-a il 
IEIiVllfHv.lLli-.Jjr: V* Sf*.H mdUKEi 
*3 1 i m i nrmijr ■ 

AiriihCi ini \%f.F fji femk* Mart 

rii|jna uravciH isJ kvhiiifiH. 

ft I irk r-i a lii h :-.i.J jbl K-sfunt 'uhtwh i c 

a&d ih-nilvn Icr xftqjf i on ~4 cuLfxta ttj i rp .-■ 
i*l p-IrkrT #Mfi fqptakflMH 

■ h^i*n ir.y,ri 10 

upt-?n^.-.f^Civnap.«jj , a lJiJ3i J<r tw vibL 

JEil UW r "i l LJTI If . kl_l_-kE|P JUl-1 

ktieifjip iriun. rfc-.«n:ifr pi muyc. 

liafl-f-VlaW-Vi H1WXP hill nJ...U»r. 

EIMH ClllLIOlCE M. E-vkrP &+ HtwiUlf 

■I nhuAizhn. 

■ fcdalrix-lnli’kijd't iud-aipxe^.r aKiM 

•IPT “■*!•■■■ EC kl|M|l.l I.i nl!»T r.^ln «i i.-rtii*! 
Illljir-M liJr iBb iloa l|>n'J» 1 1 ■’-! ft'JYjOga /J Jl.l 
v- >.4 t-ja-,-4 I'sunm . otj c4 -Lp -1p> -x 

•rat iiI-jj n nnl 'MitOT'naprriiiMT'. 

t-ri-l T Hl-^Uri#*(0l > fSd *1“® 

jyo M«»on (f omtsl nlwinimiM-iri oihti 

■ mini. Lriiipi •iJ+.i-k-d u mail iw. ud 

lak«b- 

M yftd Kk e |.M n i tui rif p.1 > • J* 'mr »vi i kt-^h i b it 

qirniiA'.kJrrijTin'-iril wnul f j . 1 1 1 1- ■ 

j Jtskt d ’S-anra hkI lEiEkavi-h jIiit h- 
ud h’lkfcr ■ ■ j k i itj fcH rrf n Ibr-ftiai-am inrl 
IHflttfe 



■ nLffrr+^ u*jAsft.H WHfffl 1 

CJTs ^VjTJlrii nUf Ell IIVIY ri'LJrill .11 1 m l! 
jrrj'irj.iiri' ini nKmdTiafainii j-JJiii-s 
m i?jr#--riS'Rttvr!ciliii,4qp-Ta rriHir (If* lire 
rjnil.lr% Trtildif| hi.rJ tpi Jli-.ri ri.iri.-M.nY- 

WTO Wr-jrhnT 

GHJiHD CHALLENGE. #■: Jtum isivtai w km. 

■ IVviji^'ccvnriurJip rnpcK . nra^nc;. 

Jipj r. J.->^| bi jtttf Mbpl'n hp««. it 
- iiiifir wjidiw-Amii ik iv.ii: irijiil.j^;. 

■La j juhui 

■ CwkiHlr ma-qatT. &ndsd|nn-!!iij(n 

«™-wnnii d >ln a^r. irtiin uil deMb. 

■ h«4*p4*T!MeiKldl ri'in ir.i iraiypnva'i fl«H 

kl iuri^niau IiTA-IIbsIibi Jill j i J L ■ 

ivildi infutfcww 

yKAJlft r HUL£>*!iE Pft: Fmih rh-k-nn Mintur. 

■ k£v4f>LE lifiZ- pJaa UMteffllKtall til 
[if^lulafcsn. ImwiB I!.K.»]. J 
aairaii iiaiiu I. . Ilr-n 

■ fcqTE^iv r-Jk-.Jihii iE- 1 c-anrA.il a ih- 1 1 - L ■ rkid 

■t p. >aJi.ai«n9i.dv!i.i liwc r rmumrv 

■W M r. Jail h>i Vu| I H. . +i 

■ l>i '.rlifiA mkiiim .'■vmai'iB Tirj'i si .Mr At 

mfvjun T.urn! >f.|. . '-Y.>alr.T 
tfftcplrf n-. 'i i-r^ kbdir-0% r 
m |iq+'r a «t]Jr# kJK-Oif nW^ «pJ 

^.biMa-Jh TJ.art.r*-illn WJ4NP(A 

■F» 1 J h-zuni mdiH lLZ-Tlh=-i_n.- An b 
‘.■J1 “ aRlHifiidruInfe 


■■’t ■ V-yi I, , mm-il 


tf n.l l a Jala ■ h -,,-r - l.« ■ “r rr - Til I ;-, ! ,T- 



120 


Expected fieneftlv Grajrtjne a More Olsnster-JiecJleeit ^merits 

■JdTn-HV’lV HfftllMUMCfi fivi wl (h-Ckr-l .rtJk-,1 ,VT-Y|.:+ 

ttAdT 

MivipI hiiarih aw wre-t u*d aid ndnk»d..4fciiaN'9<pnri TemtT?i^iRdniiislv<i nCI iidiaL 
inluMnfi d Hrivinfi did Hl'jji±« mlitaiv^ilhr annum i-i mail it txLii-i n*L> 

OffinrOa al rhfr tfw n+wn ■ •‘■uppi tvtfI It larorapL ^tjrrisruH.'JdiBJpJ fen wup lw^w wn 

m .!■.;■• ^ k >j i<wi h rah vmmMmy. wiptahKri. rotate mm *h*rf*^ Mil j km m« apw 

jciHflitlj vanui^ Mm larxHi maiiv Pftuha vji i+i «n aa-d vanupfu ^fiuudwh nwini i_ 
|ivt« wJ lum c 

li-ipnd-jriK al riil>. in hIp Inr linrik luidnh ud Kfiud^si ml nutlfcw-rlln.i.n.Taitd-titui 
Mila 3*0ni rr^Pnr 1 : pn>N<:tr? lMtr4*Xi^ni al'iwl <rf Wit aid kid urilto «*j rrdlan 

■l-^.n i'J irjLa-qvfcijiB*i muah 

QuiIpi-i-puIpii c-irralin iipiiwi raimi AbibfImb is LI* -ird K^iorwy Jhv+r a huad awial tin 

piiHd .uon i#. IcsilfLCiLvd-nraa-^ Piiikrii’jik^ uquxii ml -dir ^lIkhi |ut'*S K-ruiiuu 
Ulrcrn-.Tirc nl^tow*knfn ■.’aiiiBhr mil naucaai Lrianqir.n 

■ ll I "il H 

| i iiBB -' li ,jlM ■■■■■WT H. Il-i,| ■■■ a _l Ul-jni Mpl Imlili j- 'AJr- . . [(■InuijJ tnrv ail l.H 

GtattvjtZfeft Hnrr4f nd Mi V sM ttaWH^rtm AHrItpI GmMi| Ur IMM-Ira Rril *vrt 

Hum fec.£h.TO^4U 

1 . h Kp. 1 1 wito |*H £ al ■ ru mi <l tJh .Ti la au2K1 I'M i £' m» 4 £-r? I J it t I 



121 


Biography for Sharon L. Hays 

Dr. Sharon L. Hays was confirmed by the Senate as Associate Director of the Of- 
fice of Science and Technology Policy (OSTP) in the Executive Office of the Presi- 
dent in late September, 2006. In this role, she serves as the OSTP Director’s Deputy 
for Science. Dr. Hays has been at OSTP since mid-2002, serving first in OSTP’s 
Technology Division, and later as the Chief of Staff. 

Before coming to OSTP, Dr. Hays was the Staff Director of the Subcommittee on 
Research of the U.S. House of Representatives’ Committee on Science from the be- 
ginning of the 107th Congress until August 2002. Prior to her promotion to Staff 
Director, Dr. Hays worked as a professional staff member, first for the Basic Re- 
search Subcommittee and subsequently for the Subcommittee on Space and Aero- 
nautics. She first joined the Science Committee’s staff in mid-1999. 

Dr. Hays served as an American Association for the Advancement of Science Con- 
gressional Science Fellow in the office of Representative Vernon Ehlers between 
1997 and 1999. She worked on a Science Committee project assigned to Dr. Ehlers 
by then-Speaker Newt Gingrich and former Science Committee Chairman F. James 
Sensenbrenner: to outline an updated science policy for the Nation. That effort cul- 
minated in a comprehensive Science Committee report entitled Unlocking Our Fu- 
ture: Toward a New National Science Policy. 

Before coming to Capitol Hill, Dr. Hays worked as a research assistant at the 
University of Southern California and then attended graduate school in bio- 
chemistry at Stanford University, where she studied in the laboratory of Nobel Lau- 
reate Paul Berg and received her Ph.D. in 1997. Dr. Hays also holds a B.A. in Mo- 
lecular Biology from the University of California, Berkeley. 

Dr. Hays lives with her husband in Virginia, where she volunteers as a dog han- 
dler for wilderness search and rescue efforts. 

Chairman Wu. Thank you, Dr. Hays. Dr. Levitan, please proceed. 

STATEMENT OF DR. MARC L. LEVITAN, DIRECTOR, LOUISIANA 

STATE UNIVERSITY HURRICANE CENTER; CHARLES P. SIESS, 

JR. ASSOCIATE PROFESSOR, DEPARTMENT OF CIVIL AND 

ENVIRONMENTAL ENGINEERING, LOUISIANA STATE UNI- 
VERSITY 

Dr. Levitan. Good morning. Mr. Chairman and Members of the 
Subcommittee, I appreciate the opportunity to discuss with you 
today the impacts of windstorms. 

I was asked to provide some input on several questions address- 
ing the vulnerability of the built environment, and how that is 
changing research needs and windstorm hazard mitigation, rec- 
ommended changes in the wind program, and technology transfer 
challenges. 

And as mentioned in the opening statements, this year has al- 
ready proven to be one of the deadliest tornado seasons in recent 
years. Certainly, our hurricane experience, as we have seen in just 
the past few years, seven of the 13 costliest hurricanes in U.S. his- 
tory have occurred in just the past few years, and that trend is con- 
tinuing as the population continues to move to coastal areas, as in- 
creasing urbanization occurs, and so, those trends, at the moment, 
while there is some positive development going on, those trends for 
increased damage are, unfortunately, continuing. 

In terms of research needs, I point out, I think what are several 
key opportunities for making step change improvements, in terms 
of some of the longer-term activities. Understanding the wind envi- 
ronment of land-falling hurricanes, as we have Hurricane Dolly 
today making landfall in Texas. Some of my colleagues from Texas 
Tech University are out with instruments, similar to those pictured 
on the slide, making measurements of windstorms. We really don’t 
understand what happens in the wind environment down near the 
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ground level when the storms make landfall, and that is obviously 
where it affects buildings and bridges and people and things. So, 
that is where we need to understand that. 

Computational wind engineering is an area that needs study that 
provides the idea that you ultimately could get a wind tunnel on 
your desktop, a virtual wind tunnel, where you can use new tech- 
nology to study the effects of the wind for, in the design sense, on 
the building, without having to do the complexities of wind tunnel 
testing, or the simplifications required by codes. 

Windstorm damage using remote sensing. In the last few years, 
as remote sensing capabilities have been improved, or commercially 
available, where you can very clearly see individual buildings, and 
the roof, et cetera. That provides enough level information where 
we could potentially get very rapid and automated damage assess- 
ments over large scales when we have these major disasters. 

Performance-based design for windstorms — that is a technology 
in its infancy where building owners and architects and engineers 
would sit down at the beginning of a project, and say what is the 
specific performance objectives for a building, and how would I 
reach that. So, if I wanted a building that had no damage at all 
in a Category 3 hurricane, and on a Category 4 or 5, you could sus- 
tain some damage, but still be operable or reparable, the idea is 
you would set the design criteria so you would have a specific per- 
formance in mind for various objectives, and that technology is just 
in its infancy. 

And finally, retrofit technologies for the existing building, since 
that, we have — old building code changes, and advances in the 
technology for new construction are wonderful, but we have so 
much investment in our existing infrastructure, so significant 
changes are needed there. 

In terms of the research priorities, there is a large existing body 
of knowledge, and it has yet to, much of it has not been incor- 
porated into building codes and standards, and so the initial 
prioritization, I believe, should be to focus in the first few years 
more on applied research and tech transfer for the work that is al- 
ready out there, and then transitioning into more, funding later on 
into more of the basic research ideas that I just mentioned. 

In terms of the changes to the wind program, I think it would 
be appropriate for NIST to become the lead agency. They have par- 
allels to the National Earthquake Hazard Reduction Program, 
which they are leading, and significant expertise and experience in 
windstorm mitigation. And certainly, to finally form the inter- 
agency working group, and in terms of funding authorizations lev- 
els, to at least keep those consistent with the authorization levels 
in the existing program. 

In terms of the technology transfer challenges, several of these 
are to use the existing research to develop new methods for assess- 
ment and design of buildings. The next two highlighted in red 
there, incorporating research into building codes and standards, 
and developing design guides and software tools. Those, I think, 
are the real opportunities for very rapid improvements right now, 
with a small investment in technology transfer, to use the existing 
research to improve the building codes very quickly. 
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Developing textbooks and curricular material for instructors, in- 
corporating wind mitigation into curricula. So, some of these chal- 
lenges on this slide indicate some that are not particularly, only de- 
pendent on funding, but they have several other criteria, in terms 
of education and training of construction and tradespeople, adop- 
tion and enforcement of codes is a critical challenge. It is only, 
again, partly dependent on funding. And then, education and train- 
ing in a broader sense are critical for the public. 

So, with the closing remarks, I would just say that the wind- 
storm impacts on the U.S. are continuing to increase, and the Wind 
Program is really the best opportunity to provide a change in that 
trend, and really has the opportunity to provide a step change in- 
crease in the hazard mitigation opportunities, and really, the co- 
ordination activities between the various efforts that are even un- 
derway, are really a way to multiply the effectiveness of the exist- 
ing and new activities. So, reauthorization, I think, is a critical 
step forward. 

Thank you. 

[The prepared statement of Dr. Levitan follows:] 

Prepared Statement of Marc L. Levitan 


1. Introduction 

Mr. Chairman and Members of the Subcommittee, my name is Marc Levitan and 
I appreciate the opportunity to address you this morning. I am Director of the Lou- 
isiana State University Hurricane Center and the Charles P. Siess, Jr. Associate 
Professor of Civil and Environmental Engineering at Louisiana State University. I 
am also the immediate past-President of the American Association for Wind Engi- 
neering (AAWE), and a member of the American Society of Civil Engineers (ASCE). 
I am appearing today on behalf of the Louisiana State University Hurricane Center, 
AAWE, and ASCE. 

Louisiana State University is the flagship institution of the state, classified by the 
Carnegie Foundation as a Doctoral/Research-Extensive University. The university 
has a long history of research in hurricanes, coastal sciences and engineering. The 
LSU Hurricane Center was founded and approved by the Louisiana Board of Re- 
gents in the year 2000 to provide a focal point for this work, with a mission to ad- 
vance the state-of-knowledge of hurricanes and their impacts on the natural, built 
and human environments, to stimulate interdisciplinary and collaborative research 
activities, to transfer new knowledge and technology to students and professionals 
in concerned disciplines, and to assist the state, the Nation, and world in solving 
hurricane-related problems. The study of wind effects on the built infrastructure 
and wind damage mitigation is one of the main focus areas of the LSU Hurricane 
Center, including: wind tunnel studies for wind effects on buildings, industrial 
structures and bridges; techniques for hurricane and tornado shelter assessment; 
evacuation and sheltering decision support tools; wind damage investigations; and 
participation in development of national wind loading codes and standards. 

The American Association for Wind Engineering (AAWE) was originally estab- 
lished as the Wind Engineering Research Council in 1966 to promote and dissemi- 
nate technical information in the research community. In 1983 the name was 
changed to American Association for Wind Engineering and incorporated as a non- 
profit professional organization. The multi-disciplinary field of wind engineering 
considers problems related to wind and associated water loads and penetrations for 
buildings and structures, societal impact of winds, hurricane and tornado risk as- 
sessment, cost-benefit analysis, codes and standards, dispersion of urban and indus- 
trial pollution, wind energy and urban aerodynamics. 

The American Society of Civil Engineers ASCE, founded in 1852, is the country’s 
oldest national civil engineering organization representing more than 140,000 civil 
engineers in private practice, government, industry and academia dedicated to the 
advancement of the science and profession of civil engineering. ASCE is a 501(c) (3) 
non-profit educational and professional society. ASCE is an American National 
Standards Institute (ANSI)-approved standards developer and publisher of the Min- 
imum Design Loads for Buildings and other Structures (ASCE-7), which is ref- 
erenced in the Nation’s major model building codes. As part of the ASCE-7 docu- 
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ment, engineers are provided guidance in estimating the loads resulting from wind 
effects on structures. Thus, ASCE is at the forefront in the development of new in- 
formation for engineers regarding wind and is in a unique position to comment on 
the status quo and our needs for the future. 

2. Vulnerability of U.S. Built Environment — and its Occupants — to Wind- 

storm Hazards 

As well documented in recent years, the damage and destruction caused by wind- 
storms in the U.S. has continued to rise dramatically. According to the National 
Oceanographic and Atmospheric Administration, 2008 could be a record setting year 
for tornado deaths. 

This year may set records for tornadoes and tornado-related deaths. . .. “It is 
only the third time since the 1974 super tornado outbreak that there have been 
more than 100 tornado-related deaths during a single tornado season in the 
U.S.,” added Harold Brooks, a research meteorologist at NOAA’s National Severe 
Storms Laboratory also in Norman. “In 1998 and 1984 there were 132 and 122 
tornado-related deaths, respectively — 2008 will likely equal or exceed that 
record.” (NOAA, 2008). 

In just the past few years, the country has experienced an unprecedented level 
of damage due to landfalling hurricanes. 

It is of note that the 2004 and 2005 hurricane seasons produced seven out of the 
nine costliest systems ever to affect the United States. (Blake et al., 2007). 

The combined cost of those seven storms was approximately $160 Billion dollars. 
Even after adjusting for inflation, the 2004-2005 hurricane seasons account for four 
of the top five costliest hurricanes in history. 

The trends for rising damage are due in part to increasing population, urbaniza- 
tion, movement of population to areas more prone to severe windstorms, and cyclical 
trends in storm activity levels. While recent investigations have shown that build- 
ings designed and constructed in accordance with the latest building codes and 
standards perform much better than earlier buildings in extreme winds (e.g., Gurley 
et al., 2006; Building Code Compliance Office, 2006), they still experienced signifi- 
cant damage from wind and wind-driven rain. Furthermore, since adoption of new 
building codes only impacts future new construction and major renovations — it will 
take decades before the majority of buildings in the U.S. would even get this benefit, 
and that assumes much more widespread education of design professionals in wind- 
storm hazard mitigation and more widespread adoption and enforcement of the 
lastest codes and standards. Without significant improvements in technologies and 
products for retrofitting existing buildings, the windstorm vulnerability of the ma- 
jority of the current building inventory will remain static. 

3. Research Needed to Facilitate Wind Damage Mitigation 

Basic and Applied Research Needed to Facilitate Mitigation for New and Existing 
Buildings 

A number of recent publications have discussed big picture research needs related 
to windstorm hazard mitigation. Rather than revisiting those topics, this section will 
focus on discussion of several of the most important specific research questions and 
opportunities, those that have the potential to ultimately provide a significantly ad- 
vance in windstorm hazard mitigation. 

Wind Environment of Landfalling Hurricanes: Comparatively little is known 
about wind transitions from water to land and the mechanisms which cause lo- 
calized higher intensity winds. Developing a greater understanding of these 
phenomena will lead to better estimates of maximum hurricane wind speeds, 
velocity profiles, and turbulence characteristics needed for building design. 
Computational Wind Engineering: This technology offers the promise of a ‘wind 
tunnel on a computer,’ where details of a building and surrounding structures 
and terrain could all be modeled in a computational environment to provide in- 
formation on wind loads and, when coupled with structural analysis programs, 
the response of the structure to different wind conditions. 

Windstorm Damage Assessment Using Remote Sensing: This technology could 
potentially provide rapid and consistent damage estimates over entire wind- 
storm impacted areas, with applications to rapid response and recovery oper- 
ations, building performance observations, and validation data for damage mod- 
els. 
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Performance-Based. Design for Windstorm Hazards: Current wind load design 
procedures are somewhat prescriptive in that the building performance objec- 
tives are not clearly defined. The next generation of procedures is for a facility 
owner to identify what performance level (e.g., no damage and building is fully 
operational, significant damage requiring evacuation of the building but repair- 
able) is desired for different probability windstorm events and designing the fa- 
cility accordingly. 

Retrofit Technologies for Wind Resistance: Although it is much easier to build 
wind resistance into new construction, the country has an enormous investment 
in existing building stock. Technologies for cost-effective retrofits to improve 
windstorm resistance of these buildings should be an important focus of any 
new research program. 

Balance Between Long-Term and Short-Term Priorities 

The National Windstorm Impact Reduction Program Act of 2004 (P.L. 108-360) 
identifies three primary program components: 

1. Understanding of Windstorms 

2. Windstorm Impact Assessment 

3. Windstorm Impact Reduction 

In principle, the short-term priorities should be those activities that have the 
quickest payoff and are the most cost effective. There is a large body of research 
findings available right now that has not yet been translated into practical applica- 
tions. The very applied research and technology transfer activities that primarily 
support the third program component of Windstorm Impact Reduction should there- 
fore be given the highest initial priority. Section 5 of this Statement summarizes 
the main tasks required for technology transfer. Tasks 2 and 3 in that section 
(translation of research into improved codes and standards and design tools) will 
provide the most immediate returns and should have the highest initial priority. 
The more basic research activities, such as those discussed in the previous section, 
will really advance the state of knowledge and should be the focus of longer-term 
priorities. They should not be ignored from the start, but rather begun at a com- 
paratively lower level and then ramped up over time. 

Private Industry Research 

The fragmented nature of the entire built infrastructure design and construction 
industry effectively precludes any industry-funded basic research, as opposed to in- 
dustries like electronics, aircraft or automobile manufacturing that are dominated 
by a small number of global-scale corporations that must make significant basic and 
applied research investments to remain competitive. The modest amount of industry 
funding applied to wind hazard mitigation has been very applied in nature. It has 
created important new products and services and helped transform a few industries, 
but these changes generally occurred only when driven by advances in building 
codes and standards. 

Private industry research in wind hazard mitigation has primarily taken place in 
the arena of product-oriented research and development, particularly in the area of 
products to protect building openings from windborne debris. Building code changes 
in Florida after Hurricane Andrew created a new market, initiating development of 
products to meet the impact testing requirements of that code. The most notable ef- 
fect was the introduction of many new types of impact resistant windows, shutters, 
and screens. Significant product-oriented research and development has also taken 
place for wind and debris impact resistant doors, garage doors, wall systems, roof 
systems, and wall and roof anchoring and bracing systems. The market for all of 
these products has continued to expand in recent years, as more coastal areas in 
other states have begun to adopt and (to a lesser extent) enforce building codes that 
require higher wind loads and in some cases, debris impact protection. 

Following several devastating tornadoes in the Midwest U.S. in the late 1990’s 
and the well-publicized devastation caused by the Oklahoma City Tornado in May 
1999, the Federal Emergency Management Agency published two milestone reports 
that provided guidance for design and construction of residential and community 
storm shelters (FEMA, 1999; FEMA, 2000). These documents, along with the Na- 
tional Storm Shelter Association’s publication of an industry standard (NSSA, 2001), 
helped spur a significant product-oriented research and development for tornado 
shelters and helped create a market for products designed and tested to meet these 
technical criteria, which provided a major step forward for the fledgling storm shel- 
ter industry. 
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Private industry has also made significant advances in a few other areas as well, 
including: wind hazard, vulnerability, and risk assessment; wind loss estimation 
techniques, and wind tunnel testing. 

4. National Windstorm Impact Reduction Program Implementation 

Implementation and Funding ofNWIRP 

The National Windstorm Impact Reduction Program (NWIRP) was created 
through the National Windstorm Impact Reduction Program Act of 2004 (P.L. 108- 
360). The objective of the NWIRP is to achieve measurable reductions in losses of 
life and property due to windstorms. The objective is to be reached through a coordi- 
nated, federally-led effort to first, assess and prioritize research, technology transfer, 
and education needs, and second, to conduct wind hazard mitigation activities in 
context of the overall objectives of the Program. 

Unfortunately, funding for the NWIRP was never appropriated, so little has been 
achieved towards meeting the program objectives. The federal agencies involved in 
the program (NSF, FEMA, NIST, and NOAA) report that they have undertaken a 
modest level of activities in areas related to or consistent with the aims of the 
NWIRP. However, given funding constraints, the overarching planning and coordi- 
nation activities are still missing and the agencies have not been able to signifi- 
cantly increase their level of wind hazard mitigation activities as authorized by the 
NWIRP. 

Recommended Changes to NWIRP Legislation 

As coordination of NWIRP activities is critical to maximizing the effectiveness of 
the existing and proposed wind hazard mitigation efforts, the National Institute 
of Standards and Technology (NIST) should be designated as the lead agen- 
cy. The NWIRP has strong parallels to the successful National Earthquake Hazards 
Reduction Program (NEHRP), for which NIST is the lead agency. Additionally, the 
topic area and the required mix of basic and applied research and technology trans- 
fer activities makes NIST the logical choice. They have significant expertise and ex- 
perience in wind engineering research and technology transfer and research pro- 
gram management. 

The continued escalation of loss of life and property due to windstorms, with sev- 
eral records being set in just the 2004-2008 time period, highlights that NWIRP is 
needed now more than ever. Authorized funding levels for the first year of the 
Program should therefore be at least consistent with the currently author- 
ized amounts. Funding should ramp up significantly in the following years, 
as initial planning and prioritization activities are completed and funding of wind 
hazard mitigation project activities can most effectively expand. 

5. Challenges of Transferring Research Results from the Laboratory into 

Practice 

The challenges of transferring windstorm damage mitigation findings are numer- 
ous, but many can be addressed comparatively easily if adequate funding is pro- 
vided. Others include tough hurdles unrelated to financial resources. The main tech- 
nology transfer tasks are summarized in the following list. 

1. Using basic research findings to create new assessment, analysis, and de- 
sign procedures for building components, systems, and entire structures 

2. Incorporating wind engineering research findings into building codes and 
standards 

3. Developing wind design guides, software tools, and other products for prac- 
ticing professionals 

4. Developing textbooks and other materials for use in undergraduate and 
graduate education in the fields of engineering, architecture, construction, 
and building science 

5. Incorporating windstorm hazard mitigation into engineering, architecture, 
construction, and building science curricula 

6. Education and training of building construction tradespeople and laborers 

7. Adoption of strong and current building codes by municipalities and states 

8. Enforcement of building codes 

9. Education and training of persons working in the fields of insurance, real 
estate, mortgage lending, emergency management, and elected and ap- 
pointed officials 

10. Consumer education 
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Tasks 1-4 are reasonably straightforward and progress is primarily dependent on 
availability of funding. Incorporation of windstorm hazard mitigation into the formal 
educational programs of design professionals (Task 5) will be made easier by the re- 
sults of tasks 2-4, but still faces two hurdles. Most of the professors are not knowl- 
edgeable in this field, and the current trend at universities is for cutting the number 
of credit hours required for degrees, making it more difficult to add new material. 
These challenges must however be met if we are to begin graduating design profes- 
sionals who understand the theory and practice of windstorm hazard mitigation. 
Education and training of tradespeople and laborers (Task 6) on how to install crit- 
ical components such as wind bracing or roofing shingles or hurricane shutters is 
obviously important but difficult in an industry where there is a transient workforce 
that often has language barriers. 

Adoption of building codes is often a political hot potato. In recent years some 
states and municipalities have adopted strong model building codes but stripped out 
the windborne debris protection requirements in coastal areas, gutting one of the 
most critical components of the code. There are still many areas of the country that 
have not adopted building codes or their codes are very outdated. Enforcement is 
even more problematical, particularly for rural and poorer municipalities where 
funding and training of building department staff is often inadequate. 

Tasks 9 and 10 are critical in order to develop public understanding of the need 
for and benefits of windstorm hazard mitigation through building codes and code 
plus alternatives. The areas that have experienced repeated devastating wind- 
storms, such as South Florida and Oklahoma City, seem to have built a higher level 
of public awareness of these issues and understand that building code adoption and 
enforcement have direct implications for life safety, property damage, cost of con- 
struction, cost and availability of insurance, and resale value. Windstorm related re- 
search, building code changes, and insurance are front page news in those commu- 
nities. It’s much more difficult to raise significant awareness of these issues in com- 
munities that have not had a wind-related disaster in recent years. 

6. Closing Remarks 

The unparalleled devastation in the U.S. caused by windstorms in just the last 
four years, with damage costs approaching $200 billion, makes it clear that some- 
thing must be done. The funding levels authorized in the existing NWIRP ($25 mil- 
lion per year) are trivial with respect to the average damage costs per year. If the 
program were to produce even the smallest of improvements in wind hazard mitiga- 
tion, the NWIRP would pay for itself many times over. A fully-funded NWIRP would 
in actuality provide a step change improvement in wind damage reduction, which 
would over time significantly reduce the U.S. vulnerability to severe windstorms. 

Reauthorization of the National Windstorm Impact Reduction Program is a crit- 
ical step in the process, but ultimately of little value unless funds are appropriated 
to make the Program a reality. As annualized windstorm costs continue to sky- 
rocket, this country can no longer afford to ignore the problem. An investment must 
be made in windstorm hazard mitigation and the National Windstorm Impact Re- 
duction Program is the way to get it done. 

7. References 

Blake, E. Rappaport, E., and Landsea, C. (2007). The Deadliest, Costliest, and Most 
Intense United States Tropical Cyclones from 1851 to 2006 (and Other Fre- 
quently Requested Hurricane Facts), NOAA Technical Memorandum NWS TPC- 
5, National Hurricane Center, Miami, FL. 

Building Code Compliance Office (2006). Post Hurricane Wilma Progress Assessment, 
Miami-Dade County Building Code Compliance Office, April 2006. 

FEMA (1999). Taking Shelter From the Storm: Building a Safe Room Inside Your 
House, FEMA 320, Second Edition, Federal Emergency Management Agency, 
Washington, DC. 

FEMA (2000). Design and Construction Guidance for Community Shelters, FEMA 
361, Federal Emergency Management Agency, Washington, DC. 

Gurley, K., Davis, R., Ferrera, S-P., Burton, J., Masters, F., Reinhold, T. and 
Abdullah, M. (2006). Post 2004 Hurricane Field Survey — an Evaluation of the 
Relative Performance of the Standard Building Code and the Florida Building 
Code, 2006 ASCE Structures Congress, St. Louis. 

NOAA (2008). Early and Intense Tornado Season Could Be Record, http :/ / 
www.noaanews.noaa.gov Istories2008l20080604-tornado.html, posted June 13, 
2008. 



128 


NSSA (2001). National Storm Shelter Association Standard for the Design, Construc- 
tion, and Performance of Storm Shelters, National Storm Shelter Association, 
Lubbock, TX, April 12, 2001. 


C/l 

c 

I 

C 

33 

5 

n 

> 

z 

m 

a 

m 

z 

H 

m 

33 


Hearing on 

National Windstorm Impact Reduction Program; 

Strengthening Windstorm Hazard Mitigation 


Dr. Mart L. Levitan 

OUeriar. L5U t-UMcane Carrier. 

Chart*! P Stass Jr. Pnffyssnr 
Associrfr Professor of Crvl and JZnvirnnmcnlal EngrrwEring 
Lajliiana j-lhvc Un wsily 


Oi Bansj ol 
LSU Hit rKens Corner 
Irenes ftKiJUBrcfi lor V'lrc Enjntwuig 
Amsrcan Sanoh/ cl uni 1 n i cmis 


Overview 

* Vulnerability of US Bui ft Environment to 

Windstorms 

* Research Needs in Windstorm Hazard 
Mitigation 

■ NWIRP Recommended Changes 

* Technology Transfer Challenges 



129 


US Vulnerability to Windstorms 

* Windstorm damage 

costs escalating 

* 2D0-S Cline or dead best 
tornado seasons 

* ’Costs' are much more 
than casualty figures and 
direct dollar figures 

* Negative impacts on 

- Mllions of famlies 

- Vtoole CDmnniinities 
destroyed 

- Energy Security of the 
Natron 


Ceutnsfl US Hurncanes . JfflBDolBral 


FtiUK 

iMu.JIb 

mu 

Liiuiji :it.i 

t 

blWYil ILABlflf 4 - 


as 

a 

wm#|FLA^| 

I 9 K 

48 

3 

Win j |>L| 

zntH 

zz 

4 

ChHU^l IF L) 

aw 

IB 

fl 

IWI iA- FL) 

HtfM 

IB 

t 

H»UC | 9 C] 

1989 

ia 

7 

MJIKS (Flt£u 3 | 

I97J 

12 

e 

8 mf(FLiLA) 


12 

9 

millLATXI 

hhh 

II 

ID 

Cdiih v*v\ ILV.i; 

IW» 

ID 

11 

FflD 4 ti|FL| 

iTKM 

id 

12 

ULriiC+E J3; 


a 

13 

Jium ir _| 

row 

□ 


lE^e- ivOA*: 


Research Needs 


- Wind Environment of 
Larrdfalling Hurricanes 

* Computational Wind 
Engineering 

- 'Wind tunnel' on a computer 

* Windstorm Damage 
Assessment Using Remote 
Sensing 

* Perform a rice- Based Design 
for Windstorm Hazards 

* RetroFit Technologies for 
Wind Resistance 





130 


Research Priorities 

* Existing body of research knowEedge that 
has not yet been incorporated into building 
codes, standards, and design and 
construction practices 

■ Initial prioritization to applied research and 
tech transfer 

— Provides most immediate results 

* Ramp up basic research funding 


NWIRP 

* MIST should become lead agency 
-Program has parallels to NEHRP 

-Expertise and experience in windstorm 
mitigation research 

* Form Interagency Working Group and 
National Advisory Committee 

* Funding Authorizations 

- Initially consistent with current levels 

-Ramp up overtime as research capacity 
increases 



131 
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Biography for Marc L. Levitan 

Dr. Marc Levitan has been actively engaged in wind and hurricane engineering 
research, practice, and education for 20 years. His areas of research include assess- 
ment, analysis and design of structures for hurricane resistance, including wind and 
hurricane effects on critical and essential facilities, storm shelters, and industrial 
and petrochemical structures. He is the founding Director of the LSU Hurricane 
Center and co-founder of the LSU Wind Tunnel Laboratory. He chairs the ICC com- 
mittee developing a national standard for the design and construction of storm shel- 
ters, and also chairs the ASCE committee developing wind loading guidelines for the 
petrochemical industry. Other national service includes the ASCE 7 Main Com- 
mittee and Wind Load Subcommittee, the ASCE Aerodynamics Committee, and the 
ASCE Wind Effects Committee. Dr. Levitan also chairs the ASCE National Infra- 
structure and Research Policy Committee. He is Past-President of the American As- 
sociation for Wind Engineering and chaired the 10th Americas Conference on Wind 
Engineering in Baton Rouge in 2005. The academic pursuits of Dr. Levitan are 
structural engineering, wind engineering, and hurricane engineering. Prior to join- 
ing LSU, he spent five years as the first Managing Director of the Wind Engineer- 
ing Research Field Laboratory at Texas Tech University. 

Chairman Wu. Thank you, Dr. Levitan. Ms. Chapman-Hender- 
son, please proceed. 

STATEMENT OF MS. LESLIE CHAPMAN-HENDERSON, PRESI- 
DENT AND CEO, FEDERAL AL LIANCE FOR SAFE HOME, INC.- 

FLASH® 

Ms. Chapman-Henderson. Thank you, Mr. Chairman and Com- 
mittee Members. 

My name is Leslie Chapman-Henderson, and I am here today 
representing the Federal Alliance for Safe Homes. We are a part- 
nership of more than 100 public, private, and nonprofit organiza- 
tions and leaders who have dedicated the past 10 years to making 
America a more disaster-resistant nation. Our mission is to 
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“strengthen homes and safeguard families” from disasters of all 
kinds, including earthquakes, floods, hail, hurricanes, lightning, 
tornadoes, and wildfire. 

We view our work as part of a larger social movement to estab- 
lish disaster safety as a public value in this country. Our goal is 
to create widespread homeowner demand for safer, better built 
homes, much like the highway safety movement, which succeeded 
in creating American demand for safe, well-built vehicles. Just as 
the highway safety movement has saved lives on our roads, the dis- 
aster safety movement can and does save lives, homes, and build- 
ings in catastrophic events. We believe that the United States built 
environment is highly vulnerable to windstorm hazards, and that 
is increasing. 

We perceive that the greatest challenge in strengthening new or 
existing buildings is a lack of information, and a lack of knowledge 
transfer between the many stakeholders that need to understand 
windstorm prevention options. After hurricanes and tornadoes, we 
frequently meet homeowners who are very frustrated to learn that 
a mere handful of additional nails may have made a difference in 
keeping their roof in place. 

We believe that one of the best means of solving this problem is 
to put in place a system of state-of-the-art, consistently enforced, 
model building codes that incorporate all research findings on a 
timely basis, but these have to be put in place before windstorms 
strike. This would overcome the often lost opportunity to rebuild 
damaged communities in a stronger way, because improving codes 
after the storm can happen too late to affect the quality of the new 
built environment. 

If we rebuild without the advantage of new techniques and miti- 
gation, we perpetuate a cycle of build, destroy, rebuild, that our or- 
ganization and movement is working to break. We have found that 
effective mechanisms for convincing stakeholders to adopt wind 
mitigation measures include a combination of public awareness, 
market demand, innovative mitigation programs, model codes, pro- 
fessional education and, of course, research. 

A few innovative model programs are the My Safe Florida Home 
and South Carolina Safe Home Initiatives. These programs provide 
wind mitigation home inspections and matching grants for home 
hardening and retrofitting. These efforts help homeowners under- 
stand the relative strengths and weaknesses of their homes by as- 
signing a ranking on a one to 100 scale. They then provide match- 
ing funds to help offset the costs of retrofitting or hardening. 

Understanding and communicating the linkage between strong 
buildings and sound economics is a powerful public motivator as 
well. Let us take Texas, for example, in light of what has happened 
there in the last 48 hours. Catastrophe models tell us that the av- 
erage annual expected insured losses from hurricanes for single 
family homes in Texas are approximately $932 million per year, or 
nearly $1 billion. If we could retrofit the entire stock of homes 
there, using modern building codes, that loss expectation would 
drop by 40 percent, to $562 million. Moreover, if we rebuilt the en- 
tire housing stock to a slightly code plus standard, that annual ex- 
pected loss would drop 78 percent to $206 million per year. 
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Another key area of improvement in building practices that we 
support, of course, is to increase funding for research and innova- 
tion. We need to better understand how and why buildings survive 
or fail in windstorms, and our academic partners still do not have 
all the answers. We believe that FEMA and the National Weather 
Service do an excellent job of communicating the importance of 
mitigation as a priority. However, by its nature, the information 
has to be delivered at the State, and especially at the local level. 

We strongly urge you — we strongly support the National Wind- 
storm Impact Reduction Program, and strongly encourage the reau- 
thorization, with investment of additional resources. We believe the 
three most important areas to emphasize include activities to en- 
hance the understanding of windstorm research, development of 
improved outreach and implementation mechanisms, and outreach 
and information dissemination related to cost-effective and afford- 
able construction techniques to all audiences. With regard to imple- 
mentation, we believe that the program should establish a singular 
guiding principle to ensure that program outcomes and discoveries 
are widely shared with the general public. 

I want to thank you for the opportunity to join you today, for all 
you are doing to help protect Americans from the devastating ef- 
fects of windstorms, and for helping homeowners in this country 
understand that luck should not be their first line of defense when 
they confront natural disaster threats. 

[The prepared statement of Ms. Chapman-Henderson follows:] 

Prepared Statement of Leslie Chapman-Henderson 


Introduction 

Thank you Mr. Chairman and Committee Members. 

My name is Leslie Chapman-Henderson and I am here today representing the 
Federal Alliance for Safe Homes. We are a partnership of more than 100 public, pri- 
vate and nonprofit organizations and leaders who have dedicated the past ten years 
to making America a more disaster-resistant nation. Our mission is to “strengthen 
homes and safeguard families” from disasters of all kinds, including earthquakes, 
floods, hail, hurricanes, lightning, tornadoes and wildfires. 

The Federal Alliance for Safe Homes helps reduce impacts from catastrophic 
losses like windstorms by providing the public with accurate and timely information 
on how to make homes more disaster-resistant — either at the time of construction 
or with post-construction hardening or retrofitting techniques. We want consumers 
to understand that they can protect their property, and “luck” is not their best tool 
when they confront natural disaster threats. 

We view our work as part of a larger social movement to establish disaster safety 
as a public value in this country. This is a movement that supports a built environ- 
ment strong enough to reasonably resist and survive natural disaster threats. We 
specifically focus on mitigation and the collective work undertaken beforehand to 
prevent or lessen impacts of hurricanes and other threats. 

Our goal is to create widespread homeowner demand for safer, better-built homes. 
We modeled this approach after the highway safety movement, which succeeded in 
creating American demand for safe, well-built vehicles with seat belts and air bags. 
Just as the highway safety movement has saved lives on our roads, the disaster 
safety movement will reduce losses from catastrophic events. We recognize the fol- 
lowing elements as essential to the establishment of the disaster safety movement: 

• Building codes that are enacted and enforced 

° Applied to new construction, rehabilitated construction and restored con- 
struction 

• Financial incentives 

o Including banking, insurance, real estate, tax 

• Mitigation public policy 
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o Inspection and matching grant programs 

• Public awareness 

• Professional education 

o Architecture, construction, engineering 

• Research and innovation 

Our typical activities include public awareness campaigns featuring free resource 
and referral services through a toll-free telephone hotline and the www.flash.org 
website, integrated multi-media campaigns, professional education programs and ex- 
tensive public outreach. Below is a sampling of our initiatives: 

• Blueprint for Safety® — An award-winning curriculum for contractors, design 
professionals and home inspectors featuring training on disaster-resistant 
construction techniques. Blueprint recommendations are referenced as the 
basis for mitigation policies and programs enacted in several states, including 
Florida, Louisiana, Mississippi and South Carolina. 

• The Tale of Two Houses — A motivational video story of two neighboring fami- 
lies and homes affected by 2004’s Hurricane Charley that demonstrates dra- 
matically different building performance and outcomes based on the different 
building practices used. The Tale of Two Houses program inspired a season 
of nationally syndicated television shows and joint work with home improve- 
ment guru Bob Vila. 

• Turn Around — Don’t Drown — A jointly owned public awareness life safety 
campaign with the National Weather Service that helps raise awareness of 
the risks associated with walking or driving into moving water. The slogan 
is in widespread use by broadcast meteorologists, forecasters and others. Out- 
door advertising campaigns are focused at the State level and are in place in 
Florida, Nevada, Texas and other states. 

• StormStruck: A Tale of Two Homes™ ... presented by the Federal Alliance 
for Safe Homes — StormStruck is an interactive “edu-tainment” experience 
that will open in late summer of 2008 at Epcot at the Walt Disney World Re- 
sort in Florida. The high tech simulated storm experience will combine fun 
with game-based learning to provide more than four million annual guests to 
Epcot with information on how to protect their homes and families from se- 
vere weather. 

While our organizational focus is solely on residential structures, my comments 
today will be relevant for some aspects of commercial structures as well. 

Commentary/Response to Committee Questions 

Question #1 — How vulnerable is the U.S. built environment — and its occu- 
pants — to windstorm hazards? Has this vulnerability increased or de- 
creased in recent years? 

We believe that the U.S. built environment is highly vulnerable to windstorm haz- 
ards, and the vulnerability is increasing. There are various ways to characterize the 
level and demonstrate the increase, including: 

A) Coastal Population Growth. According to the U.S. Census Bureau, as of July 
1, 2007, 35.3 million people lived in areas of the United States most threat- 
ened by hurricanes. 1 These areas are defined as the coastal portions of 
Texas through North Carolina and represent approximately 12 percent of 
the U.S. population. This figure represents an increase from the 1950 level 
of 10.2 million, which represented seven percent of the U.S. population. 
Florida alone represents six percent of the current coastal population. 

Three of the 20 most populous metro areas from 2006 to 2007 were within 
Atlantic or Gulf coastal areas from North Carolina to Texas. 2 These areas 
are: 

• Houston-Baytown-Sugar Land, Texas (sixth) 

• Miami-Fort Lauderdale-Miami Beach, Fla. (seventh) 

• Tampa-St. Petersburg-Clearwater, Fla. (19th) 


1 Source: Population Estimates http:/ / www.census.gov/popest/estimates.php 

2 Source: http: / / www.census.gov / Press-release / www / releases / archives / population / 

011671.html 
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Note: Coastal counties include those with at least 15 percent of their 
total land area within the Nation’s coastal watershed. 3 

B) Historic Losses 4 (United States). Disaster losses tell a compelling picture of 
our economic and societal vulnerability to windstorms. From 1987 to 2006 
the inflation-adjusted, insured losses break down as follows: 

• $297.3 billion — total disaster losses 

• $137.7 billion, or 46.3 percent — tropical cyclone losses 

• $77.3 billion, or 26 percent — tornado losses 

• $19.1 billion, or 6.4 percent — earthquake losses 

Seven of the 10 most expensive hurricanes in U.S. history occurred between 
August 2004 and October 2005. 

C) Today’s Insured Values (Sample: Florida). 

• 4.5 million single family homes 

• $1.8 trillion in residential property 

• $1.0 trillion in commercial property 

D) Coastal Construction (Sample: Galveston, Texas). 

• More than $2.3 billion in residential, commercial and public construction 
was underway in 2007 5 

• More than 6,500 residential units under construction 

• Mostly condos, including towers up to 27 stories high 

• One Centex Homes development — 2,300 condos and houses on 1,000 acres 

• Galveston is the site of the deadliest natural disaster in U.S. history 

• At least 8,000 people were killed in a 1900 hurricane 

• 3,600 homes were destroyed 

The current seawall in Galveston is only 15.6 ft. high; Katrina’s storm surge 
was nearly 30 feet. Insured losses today from a repeat of the 1900 storm 
would exceed $21 billion, and it would become the 3rd most expensive hurri- 
cane in U.S. history (after Katrina and Andrew). 

E) Attributes of the Built Environment. Vulnerability will continue to increase 
due to a variety of economic and other factors, including the aging of our 
built environment, the percentage of the built environment constructed 
without use of model building codes, and the increased cost of new construc- 
tion. 

Question #2a — What are the challenges in implementing improvements to 
new or existing buildings? 

The greatest challenge in implementing improvements to new or existing build- 
ings is a continuous breakdown in communication and knowledge transfer between 
homeowners, home builders and policy-makers. During years of post-storm inter- 
views and damage investigations, we meet homeowners who are frustrated to learn 
that a mere handful of additional nails may have made a difference in keeping their 
roofs on during a hurricane, especially since loss of roof covering and roof sheathing 
failure during windstorms is typically where a total loss of structure and contents 
begins. 

In-place and intact enactment of model building codes with requisite code enforce- 
ment infrastructure before hurricanes strike is the best means of overcoming this 
lost opportunity to rebuild damaged communities in a stronger way. While new 
codes can only impact approximately two percent of the built environment in any 
non-disaster year, that percentage can increase dramatically in a post-storm re- 
building period. 

Unfortunately, many of the rebuilding efforts during the post-2004 and 2005 hur- 
ricanes failed to include new, uniform roofing standards requiring enhanced nailing 
and installation of secondary water barriers. This represents a tremendous lost op- 


3 Source <http:l / www.census.gov I geo / landview / lv6help / coastal -cty.pdf> 

4 Source: Insurance Information Institute — Presentation to the National Hurricane Con- 
ference — http:l / server.iii.org /yy -obj -data /binary 17843 19 -1 - 0 Inhc2008.pdf 

5 Source: Insurance Information Institute from “A Texas-Sized Hunger for Gulf Coast Homes,” 
New York Times, March 18, 2007 and www.1900storm.com and www.twia.org accessed July 9, 
2007. 
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portunity and perpetuates the cycle of “build-destroy-rebuild” that our organization 
and movement is working to break. 

Furthermore, while outstanding progress is under way by the International Code 
Council and others in increasing model code adoption at the State levels, the model 
code can still be undermined, weakened or adversely amended upon adoption at the 
local level. We are concerned that many coastal, windstorm-exposed communities 
have adopted the 2006 International Residential Code, but also inserted provisions 
that remove requirements for protecting windows with code-approved shutters or 
other opening protection. 

We believe it is well-established that protecting openings like windows is a key 
windstorm damage prevention practice. 

Question #2b — What has FLASH found to be effective mechanisms for con- 
vincing property owners and builders to adopt wind hazard mitigation 
measures? 

Like the highway safety movement, success relies on a combination of regulation, 
enforcement and education. 

Intact enactment of model building codes is a vital first step, and we 
should reward local communities that adopt model codes by linking en- 
hanced federal, pre-disaster mitigation dollars to the strength and enforce- 
ment record of the State and local building codes. 

Communication and education are also essential. FLASH has found that the most 
effective ways to deliver relevant information to the public, policy-makers and af- 
fected trades and professions are: 

1. through news media outreach that focuses on specific storm experiences of 
real families, 

2. by creating simple, clear and actionable “how to” information to empower 
consumers to ask for specific, prescriptive constructive practices at the time 
of building or rebuilding, and 

3. by participating and serving on relevant public policy forums that create and 
recommend model programs. 

Two such model programs at the State level are the My Safe Florida and South 
Carolina Safe Home initiatives for residential structures. These programs provide 
wind mitigation home inspections and matching grants for home hardening and ret- 
rofitting activities. These efforts help homeowners understand the relative strengths 
and weakness of their homes, and then provide matching funds to help offset the 
cost of retrofitting or hardening those homes. 

Conservatively derived measurements of the value of mitigation are also essential 
tools for delivering compelling mitigation improvements to the public and policy 
leaders. Consider these findings from an independent study by the National Insti- 
tute of Building Sciences: 

Mitigation provided a return on investment of up to four-to-one. A 10-year snap- 
shot of FEMA mitigation grants and projects found: 

Reduced human losses (death, injuries and homelessness) 

• Reduced direct property damage 

• Reduced direct business interruption loss 

• Reduced indirect business losses 

• Reduced non-market damage 

• Reduced cost of emergency response 

(Natural Hazard Mitigation Saves: An Independent Study to Assess the Future 
Savings from Mitigation Activities, National Institute of Building Sciences, De- 
cember 2005, accessed at http://www.nibs.org/MMC/inmcactiv5.html) 

Modeling the strength of existing building stock based on the historic building 
code practices can also provide a compelling case for implementing windstorm miti- 
gation. The tables below illustrate some relevant examples: 
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Question #3a — Where do improvements need to be made in building prac- 
tices and our ability to mitigate wind damage to structures and commu- 
nities? 

• Increase funding for research and innovation in building structure performance 
When examining building performance post-storm, we need to understand how 

and why buildings survived or failed. Our academic partners still do not have all 
the answers to understanding wind and wind-driven rain effects on buildings, and 
the financial resources for this research seem inconsistently distributed and difficult 
to sustain on an ongoing basis. The resources dedicated to research on storm effects 
are greatly out-paced by research spending on earthquake hazards. 

• Accelerate adoption of new construction technology findings into model building 
codes 

The code development process is understandably deliberate, however, it often 
takes years to incorporate to new findings into model codes. As a result, homes and 
buildings continue to be built without the benefit of expensive and deadly lessons 
learned post-disaster. 

Question #3b — How well do agencies at all levels of government advocate 
and educate on the importance of wind hazard mitigation measures? 

We believe that federal agencies like FEMA and the National Weather Service do 
an excellent job of communicating the importance of mitigation as a thematic pri- 
ority. However, by its nature the specific mitigation information and professional 
training is delivered at the State and local levels. It is our observation that Florida, 
Louisiana and South Carolina are the most active states in terms of mitigation out- 
reach, education and training. 
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A novel concept that is in use in Florida as part of the My Safe Florida Home 
program is the Hurricane Resistance Rating Scale that ranks homes on a zero to 
100 scale on the basis of its wind-resistant features, including roof shape, presence 
of opening protection, construction method, etc. This concept could be adapted to a 
national model scale and be incorporated into the home construction industry in all 
windstorm exposed states, including the so-called “Tornado Alley.” The scale could 
help revolutionize consumers’ understanding of the wind hazard, much like Energy 
Star revolutionized society’s perception and value for energy savings. 

Question #4 — Please comment on the implementation of NWIRP and the 
level of federal funding for wind hazard mitigation R&D. Looking toward 
the reauthorization of the program, what do you feel are the three most im- 
portant priorities and what changes would you suggest for the legislation? 

We strongly support all aspects of the National Windstorm Impact Reduction Pro- 
gram and strongly encourage the reauthorization with additional investment of re- 
sources. We offer the following priorities based on our belief that the private sector 
can augment the program’s efforts with significant resources. 

• Improved understanding of windstorms 

o Activities to enhance the understanding of windstorms shall include re- 
search to improve knowledge of and data collection on the impact of se- 
vere wind on buildings, structures, and infrastructure. Highest Priority 

• Windstorm impact assessment 

o Research, development, and technology transfer to improve loss esti- 
mation and risk assessment systems; Low Priority 

o Research, development, and technology transfer to improve simulation 
and computational modeling of windstorm impacts. Medium Prioriyy 

• Windstorm impact reduction 

° Development of improved outreach and implementation mechanisms to 
translate existing information and research findings into cost-effective 
and affordable practices for design and construction professionals, and 
State and local officials; Highest Priority 

° Development of cost-effective and affordable windstorm-resistant sys- 
tems, structures, and materials for use in new construction and retrofit 
of existing construction; High Priority 

° Outreach and information dissemination related to cost-effective and af- 
fordable construction techniques, loss estimation and risk assessment 
methodologies, and other pertinent information regarding windstorm 
phenomena to federal, State, and local officials, the construction industry, 
and the general public. Highest Priority 

Our one implementation recommendation is that the program establish a singular 
guiding principle for all program outcomes as follows: “Any and all program find- 
ings, materials and information shall be communicated, shared, widely promoted 
and accessible to the general public with a special emphasis on reaching and tar- 
geting home buyers, homeowners, home builders and public policy-makers.” 

It is our firm belief that, like highway safety, the knowledgeable, empowered con- 
sumer has the most capacity to move disaster safety and windstorm mitigation for- 
ward. The essential tool they require to do is knowledge of the definition of a strong, 
wind-resistant home backed by a system of building codes that ensure optimal, fu- 
ture construction practices. We can and should continue to improve on all areas of 
focus identified in the National Windstorm Impact Reduction Program; however, the 
stronger we make our built environment, the more opportunities our citizens will 
have to safely shelter-in-place outside of flood-prone areas. 

Biography for Leslie Chapman-Henderson 

Leslie Chapman-Henderson is President/CEO of the Federal Alliance for Safe 
Homes, Inc. FLASH®, a national, non-profit corporation founded in 1998 by a col- 
laborative of non-profit, private and public organizations dedicated to strengthening 
homes and safeguarding families from disaster. Today, FLASH is the fastest grow- 
ing disaster safety education organization in the United States with more than 90 
partners, including FEMA, Georgia Pacific, Institute for Business & Home Safety, 
International Code Council, Mercedes Homes, NeighborWorks, NOAA, South Caro- 
lina Insurance Department, State Farm Insurance Companies, Texas Department of 
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Insurance, Texas Tech Wind Science & Engineering, The Home Depot and Home 
Depot Foundation, University of Florida, and USAA. 

Ms. Chapman-Henderson and FLASH have championed the cause of code-plus 
construction methods through the creation of Blueprint for Safety® (Blueprint), an 
educational program for home builders, homeowners and design professionals on 
disaster-resistant construction techniques. 

Among Ms. Chapman-Henderson’s civic, community and professional awards are 
the 2008 National Hurricane Conference Outstanding Achievement in Mitigation 
Award, 2008 Governor’s Hurricane Conference Corporate Award, 2006 Texas Silver 
Spur Award for Public Education Excellence, 2006 Governor’s Hurricane Conference 
Public Information/Education Award, 2005 National Hurricane Conference Out- 
standing Achievement in Public Awareness Award, 2005 National Weather Associa- 
tion Walter J. Bennett Public Service Award, 2005 NOAA Environmental Hero 
Award, 2002 National Hurricane Conference Outstanding Achievement in Mitiga- 
tion Award, 2002 FEMA Special Recognition Award, 2002 Florida Fire Chiefs Asso- 
ciation Excellence in Community and Public Education Award, 2002 Florida Emer- 
gency Preparedness Association Corporate Award, and 2001 Governors Hurricane 
Conference Public Education Award. 

Additional award-winning FLASH outreach projects include two seasons of epi- 
sodes with the nationally-syndicated programs Bob Vila and Home Again with Bob 
Vila; a one-hour, nationally televised multi-hazard PBS Special entitled, Blueprint 
for Safety . . . Disaster-resistant Homes; and “A Tale of Two Houses,” a multi-media 
awareness campaign, show-casing code and code-plus construction success stories. 

Ms. Chapman-Henderson currently serves as co-chair of the legislatively-created 
My Safe Florida Home Advisory Council. Her past service includes consumer rep- 
resentative and chair for the Florida Hurricane Catastrophe Fund Advisory Council 
under Governor Charlie Crist and former Governor Jeb Bush, guest lecturer at the 
University of Florida — School of Construction and one of the Florida representatives 
to the Federal Communications Commission WARN Committee. She was recently 
elected as a board trustee of the Florida International University — International 
Hurricane Research Center. 

Other past service includes trustee for the Florida Fire and Emergency Services 
Foundation; consumer representative to the Louisiana Uniform Building Code Task 
Force; consumer representative and Vice Chair on the 2005 Florida Legislative Task 
Force on Long-Term Solutions for Florida’s Hurricane Insurance Market; and insur- 
ance consumer representative to the 2006 Property and Casualty Insurance Reform 
Committee chaired by former Lt. Governor Toni Jennings. 

She has a Bachelor’s degree from the University of Florida, resides in Tallahassee 
and is married to Robert Henderson. 


Discussion 

Chairman Wu. Thank you very much, Ms. Chapman-Henderson. 
We have come to the questions and answers portion of this hearing, 
and at this point, we open for our first round of questions, and I 
recognize myself for an opening five minutes. 

I would like to ask Dr. Levitan and Ms. Chapman-Henderson to 
help characterize the OSTP and the general federal implementa- 
tion of the National Windstorm Impact Reduction Program. How 
have, how is the OSTP, and how have the agencies done thus far, 
and what needs to be worked on to improve this program going for- 
ward? 

Dr. Levitan. Mr. Chairman, I think, and as you pointed out in 
your opening statement, there has been, progress has been limited, 
and much of that has to do with the funding issue. And the agen- 
cies each have their own tasks, and have reported that they are 
working on wind hazard, various wind hazard mitigation programs, 
but at least from my perspective, and where I can see that, again, 
the coordination activities, so far, have been somewhat limited, and 
perhaps, the nature of the problem is the funding restrictions. 

Chairman Wu. When you say somewhat limited, are you being 
polite about that? 
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Dr. Levitan. Yes. Also, again, my nature, and from where I sit, 
and I am somewhat on the outside of those activities, and I, the 
information that I get, oftentimes, is you know, from reports. I am 
not here in Washington to attend all the meetings. 

Chairman Wu. Ms. Chapman-Henderson. 

Ms. Chapman-Henderson. Thank you, Mr. Chairman. I think 
one of the most valuable activities we have participated in, prob- 
ably the main activity, is participating in the post-disaster inves- 
tigations, and the willingness of FEMA to coordinate those, and 
bring us in, so that we can speed that information to the con- 
sumers, has been incredible. In 2004, we participated, and 2005, in 
fact, we are looking at possibly joining a Midwest flooding inves- 
tigation team that is going to go out. 

Because so often, I think our greatest challenge is the time it 
takes to take in the information, putting it into the building code 
cycle, which is more than three years, you know, frequently. The 
storms aren’t going to wait, and that is one of the greatest chal- 
lenges here, is we have to possibly speed up the sharing of informa- 
tion, and get it to, you know, into either the codes or, on a market 
basis, to homeowners, so they can make those choices ahead of 
time. 

Chairman Wu. Ms. Chapman-Henderson, during your testimony, 
you mentioned that it is important to get out ahead of the cycle, 
so that the FEMA advice doesn’t come so late that the building 
codes are changed, and we get into a cycle of build 

Ms. Chapman-Henderson. Destroy. 

Chairman Wu. — destroy, rebuild, destroy. Have we been short- 
ening that cycle, or is that still a problem? 

Ms. Chapman-Henderson. It is still a problem. And one of the 
biggest challenges is, while the model codes are being developed, 
incorporating new learning and science and innovation, it is still a 
very slow and arduous process, but those model codes are adopted 
at the State level. They still have to carry through and be adopted 
at the local level, and we have issues across the country where, at 
the local level, when the model codes are adopted, adverse meas- 
ures, chapters, amendments, and essentially, sometimes removing 
the engineering behind the wind science, are put in place, and the 
net effect is a weakening of the code that is put there, so it not only 
takes a long time to get the new codes, but it is important to pre- 
serve the quality of the model code when it gets all the way down 
to the homeowner. That doesn’t happen today. 

Chairman Wu. Let me circle back in a different period of ques- 
tions, about the federal role in helping disseminate that informa- 
tion, and getting it all the way to the ground level. Dr. Hays, I 
want to give you an opportunity to respond to the concerns that I 
expressed, and I think some of the witnesses expressed, about the 
level of activity that OSTP and the other agencies have engaged in, 
the level of coordination. It is my understanding that the Adminis- 
tration has simply not asked for any adequate level of funding for 
this particular program. 

Dr. Hays. Thank you, Mr. Chairman. 

Addressing a couple of questions, I think, that you have on co- 
ordination funding, et cetera. With respect to funding, obviously, 
funding decisions are made within the different agencies that par- 
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ticipate in the program. As you know, as this committee well 
knows, those agencies face significant challenges in prioritizing dif- 
ferent areas of research, so not just windstorm research, related to 
other kinds of hazards research, but all hazards research related 
to everything else within their domain. So, I think the agencies 
have developed budgets that 

Chairman Wu. Since my time is running out, what I hear you 
going toward is that this set of efforts simply has not come to the 
top of the priority list, or close enough to the top of the priority list 
thus far. 

Dr. Hays. I think agencies have placed a high priority on this re- 
search. I think it is important to, when we are talking about meas- 
uring coordination, which is a very abstract thing to measure, I 
tend to think in terms of measuring results, and keeping in mind 
that this program, while it has only been authorized for several 
years, that these programs within the agencies have existed for 
many years. I think there are a number of demonstrable results 
that have been achieved in terms of windstorm R&D. 

Track forecast accuracy has been improved by 50 percent. That 
has led to what used to be only three day forecasts, we now have 
five day out forecasts that are as accurate as the three day out 
forecasts. The hurricane warning areas have shrunk. Those have 
profound implications, not just for loss of life, but also for economic 
implications associated with evacuations and so forth. 

Similar increases in tornado warning research has led to in- 
creased warning times for tornadoes, from six minutes to 11 min- 
utes, just between 1994 and 2002. So, I think there are a lot of 
things that we can point to that have been very positive, and that 
the agencies involved in this program are largely responsible for 
their research. 

Chairman Wu. Well, thank you, Dr. Hays. My time has expired, 
but I just want to point out that some of this National Weather 
Service, some of these meteorological capabilities are outside of this 
particular program, I am concerned about some of the building code 
issues, and some of the existing technology transfer issues that ap- 
parently have not been performed, and it has been raised by some 
of the written and oral testimony of the other witnesses. 

But we will circle back on that, and at this point, I would like 
to recognize Dr. Gingrey for five minutes. 

Mr. Gingrey. Mr. Chairman, thank you, and I am sure some of 
our questions will overlap to some extent, but I did want to ask all 
the witnesses, let us end with Dr. Hays, and start with Ms. Chap- 
man-Henderson, how would you characterize the level of coopera- 
tion between the different federal agencies that are currently en- 
gaged in windstorm research? 

I want to know if you have any specific suggestions that would 
improve your institution’s interaction with the interagency re- 
search efforts as they currently exist. I know there are funding 
problems. Dr. Levitan and others have mentioned that, and that is 
a problem, of course, but do you think the R&D focus of each agen- 
cy is appropriate, and are they trying to cooperate and make this 
program better? 

Ms. Chapman-Henderson. Well, I don’t want to opine on things 
I don’t have specific knowledge of, and we work mostly with the 
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National Weather Service on public education efforts, and of 
course, FEMA on mitigation, so I haven’t had a lot of experience 
with the other agencies that have the role in coordination here. But 
I think the measure of all of this is what, which, or if any of the 
outcomes make it into use, either through the building codes, or 
through market-based knowledge that can be incorporated, and I 
think that there has been some tremendous progress, as was men- 
tioned. Forecasting at the Weather Service, evacuation times, you 
know, have been — and that is critical. But I think because there is 
progress there, maybe it is time to start looking, and maybe create 
more consistency when we are talking about the fundamental fail- 
ure or survival of the structures. 

Mr. Gingrey. Right. 

Ms. Chapman-Henderson. And I don’t think we have drilled 
into it that much yet. 

Mr. Gingrey. Thank you. And I think I will go directly to Dr. 
Hays now, and then, let Dr. Levitan give a follow-up comment. 

Dr. Hays. Thank you. The issue of coordination is one that I 
have thought a lot about, with respect to this working group, be- 
cause frankly, this working group has faced some challenges, I 
think, in generating the same level of interest and engagement 
that we see with some of the other interagency working groups 
that OSTP helps coordinate. 

And I think an obvious comparison to make is between the Wind 
Interagency Working Group and the Subcommittee on Disaster Re- 
duction, which I mentioned in my opening statement, and is the all 
hazards approach to interagency coordination. One of the things 
that strikes me as a key difference between those two groups is the 
all hazards approach, and so, the Subcommittee on Disaster Reduc- 
tion, in taking that approach, I think that provides tremendous im- 
petus for agencies to come to the table, to make sure that the dif- 
ferent types of hazards-related research are represented there, and 
so forth. 

The very narrow, really slice of the overall R&D picture that is 
represented by windstorm-related research presents a challenge 
there, I think. It has been mentioned by one of the other witnesses 
that the agencies in, with respect to windstorm research, have very 
defined activities, and I think that is appropriate. They are com- 
plementary, and each agency undertakes those activities very much 
in keeping with their other types of activities. 

So, the National Science Foundation has a very different ap- 
proach to funding windstorm-related research than, say, FEMA. 
So, Mr. Chairman, I think that that is something, and Mr. Gingrey, 
I hope that this committee will consider whether or not it makes 
sense to treat individual types of hazards in this way that we have 
been, versus the all hazards approach, which I think is supported 
not only by our success with the Subcommittee on Disaster Reduc- 
tion, but on things like the RAND Report, and other approaches. 

Mr. Gingrey. Dr. Levitan. 

Dr. Levitan. Excuse me. I think that the individual agencies 
have done what they can within their resources, and are making 
significant progress, but the program is, really provides them the 
opportunity, and hopefully, in the future, to do a better job and en- 
hance their coordination, and I think that is why we really need 
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to move forward with this, and expand, and the interagency work- 
ing group, and to provide for better coordination. 

Mr. Gingrey. Mr. Chairman, as my time in this first round is 
winding down, I want to ask unanimous consent, if any of the 
Members want to submit questions for the record for Dr. Reinhold, 
if that would be allowed. 

Chairman Wu. Without objection, so ordered. 

Mr. Gingrey. Thank you. 

Chairman Wu. Dr. Ehlers for five minutes. 

Mr. Ehlers. Thank you, Mr. Chairman. Unfortunately, I have 
three hearings going on simultaneously, so I missed the testimony 
and early questioning. If I ask a question that has already been 
asked, just let me know, and I will withdraw it. 

But just following up on a comment I made at a hearing a week 
or two ago, it is a real puzzle to me, as someone who lives in the 
frozen North, and has also lived in earthquake-prone California. 
We have adopted building codes in those areas which work ex- 
tremely well. I have never heard of any time recently that a house 
has collapsed because of heavy snow on the roof in our area, and 
the earthquake damage has really been minimized in earthquakes 
by the strong building codes out West. 

It has always puzzled me why we haven’t taken the same care 
and rigor in the hurricane-prone areas while we know that we can 
mitigate a lot of the damage, and prevent a lot of the damage, by 
appropriate building codes, and it just doesn’t seem to happen. And 
I am curious, if you can give me any insight as to why this slow 
rate of adoption of improved building codes, in areas that are prone 
to windstorms. 

Anyone have any wisdom to offer on that issue? 

Ms. Chapman-Henderson. I will certainly try. I think there are 
those in the construction profession that are fearful of the costs, 
and some of those fears are accurate. I mean, the costs of con- 
structing a home is an essential component of whether or not peo- 
ple can have a home. So, I think this is where information and 
knowledge transfer comes in. If we can complete the research and 
identify, perfect those affordable techniques, and then commu- 
nicate, you know, we are talking about incremental increases in 
costs that make a difference between surviving a windstorm or not, 
I think we go a long way. 

There is, perhaps, a fear of the unknown tied up in the conclu- 
sion ahead of time that it is going to make homes too expensive for 
our part. We have always felt that the home that was built in a 
way that allowed it to fail was the ultimate expensive home, so it 
just didn’t make any sense to us, and I think that is pretty much 
the core of what we do. 

But there is some opposition in the field. There has been talk, 
also of, again, looking back at highway safety, of finding a way to 
reward those states and municipalities that do embrace, intact, the 
national model codes, and possibly providing a carrot of sorts, so 
that there is enhanced mitigation money, pre-disaster, or other ini- 
tiatives, that could help motivate the communities to recognize that 
they have to do their part, too. 

Mr. Ehlers. Yeah, but you know, I have served in local govern- 
ment, too, and every change you make, there are people com- 
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plaining about the expense, sometimes legitimately, but we still in- 
creased the building code, or changed the building code to accom- 
modate that. And California has probably had the greatest ex- 
pense. The occurrence of earthquakes is very unlikely, and yet, we 
have very good building codes which minimize the damage, and if 
you add up the cost of all those changes in the building code, it is 
hard to justify on the basis of any individual residents, but in 
terms of the overall picture, and lives saved, it is a good invest- 
ment. 

Why have the protesters against wind damage building codes 
been so, either so strident or so successful, whereas it has not been 
an issue in other areas? Every time you change the building code, 
you get screams of anguish, but you still do it, because if it is the 
right thing to do. 

Ms. Chapman-Henderson. Well, two points. One is, I couldn’t 
agree with you more. It is the right thing to do, and that is, again, 
the core of what we do. I think one of the challenges is it can be 
very technical. 

I will give you an example. There is a provision that is often used 
at the local level, when the residential code is adopted, relating to 
windstorm. And by its insertion, it makes a requirement for having 
shutters or opening protection unnecessary. And the insertion al- 
lows people to have an option. Instead of shuttering a home at the 
time of construction, you can do something called design it to be 
partially enclosed, or design it for internal pressurization, which 
sounds really good. And it does, in fact, make the structure strong- 
er. 

But the interesting thing to us is that the designing for internal 
pressurization option, my understanding is was originally put in 
place for barns, because barns don’t really need shutters. If a storm 
is coming, the concept is you probably get your horses or other ani- 
mals out of the way, so it caused an undue expense to the farmer. 
But putting something in place that allows homes to be designed 
and built that way, essentially leaves those homeowners without 
the ability to shelter in place, because they won’t have opening pro- 
tection, and it is critical, as roof performances in high wind, cov- 
ering your windows is a pretty well established factor, as well. But 
it is so technical, and it is hard to understand, and it is engineer- 
ing, I think sometimes, we don’t understand what is being done. 

Mr. Ehlers. Well, I have to admit, I am dismayed and also 
amused every time there is a hurricane pending, TV shows, all the 
people running down to Home Depot or Lowe’s or whatever, buying 
particle board, hammering it over their windows, which of course, 
creates damage to the woodwork and so forth. And it is really quite 
an expensive option. I can’t believe that doing that on a regular 
basis is any cheaper than building it right in the first place — or is, 
I am sorry, is any more expensive than building it right in the first 
place. 

Ms. Chapman-Henderson. I couldn’t agree more, when you add 
the social costs, as well. 

Mr. Ehlers. Any other comments, Dr. Levitan? 

Dr. Levitan. Yes, I will address more, maybe more the technical 
side of your question. I think the adoption of the codes that has 
been addressed. One, actually, there have been, particularly in 
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New England in the last several years, there was some significant 
roof collapses from snow load, but the nature of snow load is a 
gravity load, acting down. The structures typically are designed 
fairly well for that, and where earthquake and wind loads have lat- 
eral loads and uplift loads, which is more unusual, and takes more 
care to be able to design for. 

The better performance of structures in earthquakes, I think has, 
in large part, has been due to the success of the NEHRP, the Na- 
tional Earthquake Hazard Reduction Program, which has, for 
many years, gone out after the earthquakes, and found out exactly 
what worked and what didn’t, and then had the significant funding 
to make major advances in the codes. There has been dramatic 
changes in our design practices and technologies and techniques 
and products that we use for earthquakes. And to get that into the 
code, and to move that forward, whereas, we have not had that 
same opportunity in wind hazard mitigation. 

And certainly, even the codes that we have now, they do a good 
job of reducing, when they are adopted and enforced, but we still 
have a long ways to go, in terms of moving our codes, our building 
codes for wind to the next generation. 

Mr. Ehlers. Well, are you suggesting that we need more re- 
search? 

Dr. Levitan. Yes, very clearly. The research and the technology 
transfer, to take the research findings. And we have sort of a back- 
log that we have built up of research findings, and within the re- 
search community, and even internationally, we have a lot of re- 
search which has not been able to have been translated into codes 
and standards, because the funding for that is very difficult to get. 
That is generally too applied for the National Science Foundation, 
and there isn’t other, there typically isn’t industry funding or other 
funding opportunities available to do that tech transfer. 

And so, the national program here would be the place to be able 
to provide that, and get a lot of bang for the buck right now. 

Mr. Ehlers. Well, Mr. Chairman, I suggest you take care of that 
problem. Thank you. 

Chairman Wu. The gentleman’s comments are always trenchant 
and on point, as are his questions. And next, the gentleman from 
Nebraska, Mr. Smith, recognized for five minutes. 

Mr. Smith. Thank you, Mr. Chairman and witnesses. 

Coming from hail-prone, tornado-prone areas, situations in rural 
Nebraska, it has been interesting, as disasters have stricken the 
country in various places. My constituents watching tax dollars go 
to certain areas of the country is one thing, but when availability 
of homeowner’s insurance becomes scarce, is quite another. And so, 
the attention it has had around the country, and this is an inter- 
esting discussion here. 

And you know, the mitigating efforts on the part of auto dealers, 
for example, building canopies so they can buy more affordable hail 
insurance, it has been interesting. It has been expensive up front, 
obviously, when an automobile dealership builds canopies for their 
entire inventory, but it is a cost savings in the long run, and cer- 
tainly, it is a good business decision. 
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But as we are discussing, perhaps Ms. Chapman-Henderson, on 
the training, how many people have been trained through the Blue- 
print for Safety curriculum? 

Ms. Chapman-Henderson. Last year, approximately 2,500. We 
are currently focusing, our work is very state-specific, because the 
training is usually part of an overall initiative embrace by a state, 
so we are right now training inspectors in South Carolina. I don’t 
know the specific number of how many. When Florida put their 
mitigation program in place, there was a huge training piece to 
that, and we provided it. 

Mr. Smith. What would you say are the skills that would be 
taught through a course? 

Ms. Chapman-Henderson. Well, first, the first chapter is on just 
fundamentals of wind design, and understanding some of the ba- 
sics, just on roof shape, and this whole concept of pressurization of 
the structure. You know, one of the things we used to believe, and 
I think a lot of consumers still believe, is that we should crack win- 
dows open when tornadoes are coming, and we have learned 
through the work of Dr. Levitan and others that wind effects on 
structures are such that we don’t want any wind in the house. 

So, we start with those fundamentals, and we teach prescriptive 
methods for roof attachment with enhanced nailing, secondary 
water barrier, identifying code plus or impact resistant or wind re- 
sistant shingles. 

Mr. Smith. Have you seen the students for, say, of the training, 
able to enhance their employment position through the course 
work? 

Ms. Chapman-Henderson. Yes, in fact, it is ironic, because we 
used to worry about being able to get contractors to participate in 
our program, because there was so much work going on with the 
housing boom, but there has been an unintended but positive con- 
sequence of this specialty that has been created across the country 
called wind mitigation. Much like the medical profession, if you are 
an orthopedic surgeon, you don’t necessarily practice cardiology. So, 
a lot of contractors, even some appraisers and others, have been 
able to cross-train into performing wind mitigation retrofits. 

As you know, the new construction, the building code is essential 
for all the new construction, and of course, post-disaster, to bring 
that housing stock into current times. But our great challenge is 
the existing stock, and retrofitting it. So, it is becoming a specialty 
area in the trade. And in the profession, it is not vast yet, but it 
is growing, and it is becoming something that I think we will see 
over time will take hold, because there are so many things you can 
do. If you can get in your attic, for example, you can put additional 
metal connectors to enhance the connection between the roof and 
the wall, and that can make all the difference in a high wind event. 

You know, there is also the notion of existing activities for people 
like roofers. If roofers are trained and cross-trained into wind miti- 
gation, they recognize that the ideal time to enhance the strength 
of a roof deck is when you have taken the covering off, and that 
is where that handful of additional nails, maybe of a specific type, 
maybe, you know, ring shank nails, that can make the difference 
in keeping that deck on. 
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There is a pretty famous story that we always talk about, about 
Hurricane Andrew, where the Miami Herald had a headline. It 
looked like a football score, and it said Habitat 24, Andrew 0. And 
what it was talking about is that 24 homes built by Habitat volun- 
teers survived Hurricane Andrew nearly intact. In fact, we raced 
to the scene, only to find out they were fine. The unfortunate part 
is that surrounding those homes, there were commercially devel- 
oped homes that were decimated. So, the engineers came in, they 
looked at, you know, the damage investigation revealed that volun- 
teers nailing a roof deck on typically say to themselves, you know, 
I guess if one nail is good, two is even better, and unwittingly, en- 
hanced the nailing pattern, and thereby, the strength of the deck. 
So, those houses were just fine, and it is those types of things that 
I think, you know, we need more research so we know specifically 
what is working, and learning things like that, just a handful of 
nails, what an essential element, and when you think about the ec- 
onomics, pretty powerful. 

But we aren’t yet in a place where everybody knows that, and 
that homeowners know that, and roofers all know that. And I think 
we have an opportunity to change things by making that happen. 

Mr. Smith. Well, I better, Ms. Chapman-Henderson or Dr. 
Levitan, are we seeing positive patterns of consumer behavior post- 
storm event? Are we learning from our mistakes? 

Dr. Levitan. Well, I guess I can speak to maybe recent activity 
in Louisiana. 

It is very slow. It is, especially after such a large scale event, like 
a Katrina or Rita, as important as it would seem, there is so many 
other activities, like where am I going to stay, and my house and 
my job, and all of those things, that it is kind of hard for it to get 
traction. I think it seems that, for example, the state did a good 
job, and within a few months after Katrina, we passed statewide 
mandatory building codes, and that is being phased in, and of 
course, training and education of even the building inspectors and 
the design profession is a challenge that is going to take many 
years. 

And we are, I think the education of the consumer, and getting 
to the point where the consumer is starting to ask for the, it is 
really just in its infancy, and so, we are three years out from 
Katrina now, and it is, I would say it is very slow. At least it is 
on the right trajectory. People are starting to look at it. You occa- 
sionally see, and I know in Florida, it is much more common. You 
occasionally see a commercial on the television for hurricane shut- 
ters now. We would have never seen that before. And there are a 
few developments that are starting, and people are starting to ask 
about you know, what is this, a fortified home program. My col- 
league, Dr. Reinhold, couldn’t be here today, but the IBHS has 
their program, and they are making some inroads in Louisiana, 
and I have heard that some builders are starting to use that one. 

So, it is a slow process, but it is, we are making some progress, 
I think. Thank you. 

Mr. Smith. Thank you, Mr. Chairman. 

Chairman Wu. Thank you. It is the Chair’s intention to give the 
gentlelady from California a moment to get settled, and so the 
Chair will recognize himself first for five minutes. 
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Dr. Levitan, you cited the importance of future research, but that 
there is a lot of existing technology or research that has already 
been performed, where there has not been adequate transfer of 
that knowledge to application, and Ms. Chapman-Henderson, you 
cited some specific examples, perhaps, of you know, very straight- 
forward steps that could be taken, that are also, in essence, tech 
transfer types of issues. 

Dr. Levitan, can you tell us about some of the other already done 
research, the existing technologies, which have not been adequately 
transferred, and your ideas about how that transfer might occur 
better? 

Dr. Levitan. Yes, Mr. Chairman. As an example, I am a member 
of the ASCE-7 Wind Load Subcommittee. That is the committee 
that writes the National Wind Loading Standard, which gets adopt- 
ed into the model building codes. And we are going through a cycle 
right now. The document is revised every few years, and we are ex- 
amining the methods that we use to determine what the provisions 
that go in the codes for how do you figure what the wind loads are 
on a building. 

And the discussion at the last meeting was, are the two methods 
that we have in the building code right, or in the ASCE standard 
right now are based on 30- or 40-year-old data. And in those days, 
when you did wind tunnel, that was from, it came from wind tun- 
nel tests, and there might be four or five or ten pressure taps on 
a building, where you measure the pressures at just a very few 
number of locations on the building. The technology, the wind tun- 
nel testing technology today is so far advanced, where you rou- 
tinely would measure pressure simultaneously over a 1,000 points 
all over the whole building, so you really understand that the wind 
loading is happening on the whole building all at once, and yet the 
methods that we use in the code are based on much, much older 
technology. 

So, we have a lot of data that is available out there, and NIST 
is working on a program right now for what they call a database- 
assisted design, where they are slowly taking some of that wind 
tunnel data, and trying to develop a method where we can make 
some use of that, but there are real opportunities there, where 
there is so much tremendous amount of data, the wind tunnel tech- 
nology has advanced so far, but most of the benefits of that have 
not found their way into the building code yet, and that would need 
some additional testing with the technology that we already have 
to do what we call parametric studies, the building code only has 
rectangular boxes. The only kind of building, if you look in the 
code, and see how do I figure the wind load on a building, it will 
have a picture of a rectangular box of a building with maybe two 
or three different roof shapes, a pitched roof, or a gable roof, or a 
hip roof. 

But what if you have buildings in plan, that are L-shaped, or T- 
shaped, or have balconies, or have all these other things? There is 
nothing in the code for that, and we have the technology to be able 
to do that with our advanced wind tunnel testing. It hasn’t been 
done. 

Chairman Wu. Dr. Levitan, I am sure you have many other ex- 
amples, but let me jump to Dr. Hays for a second, and Dr. Hays, 
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there appears to be a tech transfer problem of existing knowledge 
to designers, builders, drafters of building codes. What, in your 
view, can the Federal Government do to promote this technology 
transfer? Which federal agencies do you see as playing a role in 
that? 

Dr. Hays. I think there are a couple of different answers. First 
of all, Dr. Ehlers, I think, hit on the fundamental issue here, which 
is, and other witnesses have elaborated on it, which is that we 
have a lot of this data. It is not necessarily getting translated to 
those who write local building codes, zoning laws, et cetera. 

I think that is where the primary breakdown in communication 
is, and I would argue that, and Dr. Ehlers made this point, I think, 
very nicely, that there does seem to be somewhat of a difference 
when you look at windstorms, versus other kinds of hazards, such 
as earthquakes. I don’t know why those differences exist, but it 
sounds to me like an area of social science research that is ripe for 
exploration, and I know NSF funds exactly those kinds of research 
questions. 

In terms of what federal agencies are involved in the technology 
transfer right now, clearly, NIST has a central role. And as I men- 
tioned before, because many NIST scientists both do their govern- 
ment-related research, and then also sit on the standards develop- 
ment committees, like the ones that ASCE and others run, they 
have a direct flow of information, from what they know from their 
government research, going directly into those standards -building, 
standards-generating committees. That is clearly a very important 
mechanism. Again 

Chairman Wu. Dr. Hays. 

Dr. Hays. Yes. 

Chairman Wu. I am going to interrupt you, because my time is 
expiring. You mentioned NIST, and Dr. Levitan, I believe, in your 
testimony, you recommended that NIST take a leading role in this 
program. And I want to give you a chance to expand on that, and 
explain why you think NIST is an appropriate agency. 

Dr. Levitan. Yes, thank you, Mr. Chairman. I think, because 
they have the expertise and experience, directly in wind hazards. 
They have folks working in the wind hazard mitigation area. This 
program has significant parallels to the National Earthquake Haz- 
ard Reduction Program, which they are the lead agency for now. 
And so, it seems to be the right fit of an agency that does research 
and does tech transfer, as opposed to say National Science Founda- 
tion, which would only focus on the research aspects. And so, from 
the agencies involved, NIST really seems to be the best fit. 

Chairman Wu. Thank you, Dr. Levitan, and at this point, I 
would like to turn to Dr. Gingrey, five minutes. 

Mr. Gingrey. Mr. Chairman, thank you. 

I want to address this question to Ms. Chapman-Henderson. You 
know, we, the Federal Government we, a lot of times, put unfunded 
mandates on a lot of industry, I am thinking particularly in the 
electric generation industry, particularly coal-fired power plants, 
and some of these very old, existing for 20, 30, 40 years, and all 
of a sudden, a decision is made by the Federal Government because 
of the Clean Air Act, that you have got to retrofit to an extent that 
you would almost have to tear the place down, or convert over to 
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natural gas, which is much more expensive, and of course, used in 
a lot of other industries, and we have a limited supply. 

I am thinking, of course, in cities like my city of Atlanta, the 
metropolitan statistical area, which is non-attainment, and people 
have to have their vehicles inspected every year, every year, and 
a lot of times, you know, you got senior citizens driving an eight 
year old car that can’t really meet the standards, and it is an un- 
usual burden on them. 

So, my question is that the, leading into the question you, I know 
you are involved in a lot of state-of-the-art retrofit technologies for 
older construction, in regard to natural disaster mitigation, in par- 
ticular wind, and certainly, I think that is great, what your organi- 
zation is doing in educating the public, but it is important to know, 
I think, for the Committee, to understand the cost involved in ret- 
rofitting, and are you more focused on new construction, and as 
these houses are replaced, old housing stock, of course, and mod- 
ernization of same, but I don’t think it would be very cost-effective 
to require people to, you know to, by ordinance of the local govern- 
ment, building codes all of a sudden have to go back in and change 
something that wasn’t the law when they moved into their abode. 

Ms. Chapman-Henderson. And the ideal times to change or ret- 
rofit existing property are when you are rebuilding from an ordi- 
nary incident, possibly a house fire, or post-disaster, after a wind- 
storm event, you really have an opportunity to get in there and do 
some things differently. 

As far as, and let me just say this, our major focus is helping 
consumers make informed choices at the market level. What the 
developers and the builders that we work with every day tell us is, 
if it is a level playing field, and it is either in the building code or 
everybody wants it, and the customer wants it, it will happen. And 
what we have seen in places where the model codes have been en- 
acted is that the costs of doing the wind mitigation techniques at 
the point of new construction go down, because the marketplace for 
shutter options or impact windows, or all the different things, it is, 
the scale introduces a lot of savings, and over time, it becomes less 
expensive, say, to buy shutters in Miami, where they are required, 
than it is possibly up on the coast of, you know Saint Simons. So, 
there is, because there is more options in the marketplace, and 
what the builders always tell us is, if everybody has to do it, it is 
not going to adversely impact me, and that is where, you know, 
having it in the code, over time, is helpful. 

But on retrofitting, I think one example to look at, because of the 
number of homes that have been done, there are approximately 
20,000 homes that have been completed due to the My Safe Florida 
Home Program, and their average expenditure, by the homeowner, 
and it is matched by a matching grant, is around $3,100. So, if the 
homeowner goes in, and says I want to shutter, replace my garage 
door with an impact resistant door, and if I can, through attic ac- 
cess, install some retrofit hurricane straps, to keep the roof and the 
wall connected, that is around $3,100 expenditure on their part, 
and it is matched by another $3,100. So, it is about $6,200 if they 
want to make the investment. 

Now, to the point on insurance, in those same markets, they 
have some of the highest insurance rates in the country. So, on the 
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wind portion of the insurance, in those markets, especially in 
Southeast Florida, they can save up to 52 percent on the wind pre- 
mium, so there are substantial every year savings on the insurance 
that follow the investment in mitigation, and in pretty short time, 
it pays for itself. 

When we look at all of it, though, what we find is the financial 
incentives are essential as a support, but I think what really helps 
people, you know, decide to either buy or retrofit or build dif- 
ferently, is when they think about the safety aspect. Just kind of 
putting themselves in the place of the people who went through 
Katrina, or any of the, you know, tornado outcomes, you know, 
they envision what they could do differently ahead of time. That is 
the most powerful motivator of all. 

You know, one of the, you know, especially relevant to the experi- 
ence that both of you have had in your districts, you know, with 
tornadoes, the thing that is sad, I think, in this country, is that 
most homeowners and many builders don’t even know that there 
is a tornado safe room that you can affordably construct, either ret- 
rofit or new construction, in homes. And that is a life safety bunk- 
er. That is not really about the house. That is about the survival 
of the family, and the cost of constructing those has come way 
down over time, as well. That is what we would like to do. As long 
as people know ahead of time, and can make that decision, to us, 
that is the key. 

Chairman Wu. The gentleman’s time has expired, and next, the 
gentlelady from California, Ms. Richardson. 

Ms. Richardson. Thank you, Mr. Chairman, and first of all, let 
me applaud your leadership in having this hearing today. Given 
what has just happened in the last couple days, it is quite timely. 

My first question is for Dr. Levitan. Could you please discuss 
with us how the lack of federal funding for wind engineering re- 
search effects — excuse me, I am sorry — could you discuss for us the 
lack of federal funding for wind engineering research, and how it 
affects the pipeline of students interested in pursuing wind engi- 
neering or disaster-related engineering as a career? 

And a follow-up to that is, what impact do you see of the lack 
of students participating, will that have on our future, in terms of 
building safety? 

Dr. Levitan. Thank you. That is an excellent question. That is 
a key part of the problem is 

Ms. Chapman-Henderson. Well, we have great staff. 

Dr. Levitan. Yeah. We, the professor in me comes out some- 
times. There are really comparatively few faculty that work in the 
area of wind hazard research, and that is 100 percent correlated 
to funding. Faculty have to get promoted and tenured, and how do 
they do that? They get funded to do — they have research fundings. 
They have to support their students, et cetera, and so, at the begin- 
ning of the chain is, sort of, if there is no university research being 
done, then there are very few faculty that work, and have any ex- 
pertise in the area, and certainly, experimental work is expensive. 
And it is difficult to do a lot of kinds of things without experi- 
mental facilities. 

And so, that leads into a chain of very few graduate students and 
undergraduates working in the laboratories, et cetera, moving 
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along. And so, that filters out that you have few people with any 
expertise that can get out of school. Actually, we have, the problem 
is there is not much in the way of curricular materials for — com- 
pared to earthquake, which has had the funding in recent years. 
There are textbooks, there are books out there, in California, most 
of the schools, undergraduate programs, you have specific courses 
in earthquake engineering, or they incorporate a major component 
of that into their, sort of their senior design courses. And we don’t 
do that for winds and hurricanes. There is very little information 
out there, because the chain never really gets started, because that 
is where it starts is at the top, as you pointed out, with the univer- 
sity research. 

And then, it gets filtered down into practice. And when you don’t 
have that, and you don’t have the core of faculty and graduate stu- 
dents working on that it, you just don’t have the trained workforce, 
then. 

Ms. Richardson. Might I suggest that maybe you put together 
some recommendations for this committee, as well as the Adminis- 
tration, of what we should be thinking about in the upcoming 
years, of how we can ensure that we are developing a pool of folks, 
so whatever it might be, and whatever level that you recommend, 
that we begin to address, and that that way, we can appropriately 
ensure that we do have people who can make these Twenty First 
Century recommendations to improve our safety. 

Dr. Levitan. Yes, I would be very glad to. There are a few pro- 
grams out there. At my alma mater, my colleagues from Texas 
Tech have a wind science and engineering Ph.D. program, and they 
were funded by the National Science Foundation through their 
IGERT, their Integrative Graduate Education Research and Train- 
ing Program, to build that — a very unique and innovative. We re- 
ceived a grant from the National Science Foundation to build some 
curriculum materials for hurricane engineering. The first, really, 
the first program of its kind in the country. 

And so, there are some fledgling programs, but for those to be 
expanded, I would be glad to provide those recommendations. 
Thank you. 

Ms. Richardson. Thank you. And then, my next question is for 
Dr. Hays. This weekend, I had the opportunity to travel on a Con- 
gressional delegation to New Orleans and Mississippi and Baton 
Rouge, and we saw some of the results still, now three years, it is 
going to be the anniversary of those very devastating hurricanes, 
of both Katrina and Rita. 

Can you tell me, in your mind, do you feel that, based upon the 
work that your organization has done, have insurance companies 
appropriately taken into effect what your recommendations are, 
and do you find that the policies are now reflective to, in fact, pro- 
tect our consumers? 

Dr. Hays. I am not sure that I am the best person to speak to 
insurance policies. That really takes us outside of the S&T domain 
that I am most familiar with, and that our office is most 

Ms. Richardson. So, let me clarify my question, and I have got 
about 30 seconds, so I am going to be as brief as I can. It is my 
understanding that folks were sent the FEMA, NIST, and NSF, 
down to you know, assist and coordinate with the efforts. Some of 
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the problems that have been said about Hurricane Katrina and 
Rita, was that the policies that people had were not consistent with 
understanding potentially what damage could have occurred. And 
so, my question is, from what you have learned, and what these 
various organizations have observed, have those indicators been 
passed on to the appropriate folks, who can then assist our con- 
sumers to ensure that they, in fact, have the right protections? 

Dr. Hays. Okay. So, I think the answer is that that is happening. 
It is a process that is still ongoing. There is a saying in this field 
that we are always prepared for the last storm. And that is, in 
part, because we learn so much from each event, as it happens. So, 
as you mentioned, all these different teams, combined government 
and private sector researchers down there, are learning from Hur- 
ricane Katrina. A number of different agencies have participated in 
that. Some of those results are starting to come online, so to speak, 
but I think that is very much an evolving process. And so, we need 
to look to the future to see the sort of uptake of what we learned 
from that event. 

Ms. Richardson. Thank you very much, and you were very kind, 
Mr. Chairman, to allow me that additional 30 seconds. 

Chairman Wu. I thank the gentlelady, and the gentleman from 
Michigan is recognized for five minutes. 

Mr. Ehlers. Thank you, Mr. Chairman. I — first of all, I was 
amused by your comment about the Habitat for Humanity homes. 
I was not at all surprised when I saw that scorecard years ago, be- 
cause I have worked on Habitat for Humanity homes, and I am 
from the old school, if one nail is good, two is better, but I remem- 
ber particularly working on one house where I was joining the roof 
to the wall, and I am sure if that roof is ever blown off, the wall 
will go with it. Now, maybe that is not an efficient way to do 
things, but it certainly saves a lot of trouble later. 

Dr. Hays, you said in your testimony that “the benefits of this 
improved understanding will not be fully realized, however, until 
it is incorporated more completely into actions at the State and 
local level, both through building codes, design standards, and con- 
struction practices.” With which I fully agree. But what plans does 
the interagency working group have to do that, and I have a follow- 
up question relating to NIST and NSF, if you would answer the 
first one. 

Dr. Hays. So, the issue of uptake at the local level is one that 
goes beyond just the science and technology. I mean, certainly 
there are market mechanisms that can be brought to bear to en- 
courage uptake, incentive programs and so forth, that I think sort 
of go well outside the S&T arena that we are mostly talking about 
here. 

In terms of what the agencies can do, though, I think there is 
sort of a two step process. Once the research is done, we under- 
stand what the science and engineering results are telling us. That 
first step, and I know you are very familiar with this, is the trans- 
lation of that into standards and so forth, and so, these consensus- 
based standards organizations that NIST is very much engaged in, 
for example, are a place where the Federal Government, I think, 
does a good job of helping to transfer knowledge. 
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Where I think there remains to be a lot of work to be done is 
that second step, which is the transfer of those standards that are 
developed by the engineers, by the scientists, at the local level. And 
that is something that I think the federal agencies in this program 
tend not to be as engaged in, because their emphasis is on the 
science and technology. But certainly one that I would be inter- 
ested in learning more about, as you have highlighted a very im- 
portant problem in the overall process. 

Mr. Ehlers. Another aspect of this. I was struck, in listening to 
the comments back and forth, that this is a building practices type 
of thing, and I would not expect NSF to be active in it, and I was 
surprised by the number of times people related work done by the 
National Science Foundation. I don’t think any of my colleagues 
are aware of that, and the importance of that work. Similarly, the 
comments about NIST, a number of things over. 

And we fail, in the Congress, to adequately fund these research 
organizations. Many Members, I think, believe it is pie in the sky 
pure science, but it has direct applications. And I would hope that 
you would continue to work with those of us in the Congress, par- 
ticularly this committee. I know Mr. Wu and Dr. Gingrey feel very 
strongly about this, just as I do, that we are not adequately fund- 
ing our research institutions. I would hope that your agency would 
join with us in that effort, to persuade the rest of our colleagues 
to do it right. 

And since the President will be leaving office shortly, you can 
throw discretion to the winds, and request mammoth amounts of 
money for these agencies in next year’s budget, even though it may 
not last, but it still would be a good show for the next Administra- 
tion to deal with. 

Dr. Hays. Well, Mr. Ehlers, you have mentioned two agencies 
that, of course, are within the American Competitiveness Initiative, 
so 

Mr. Ehlers. Right. 

Dr. Hays. I feel very comfortable in saying that we agree with 
you that those are two agencies that do need additional funding, 
and we are hoping that the appropriations process will yield that 
this time. 

Mr. Ehlers. Right, and I thank you for all your work that you 
and Dr. Marburger did on the COMPETES Act, and especially, 
that the President endorses so strongly. 

Thank you. I yield back. 

Chairman Wu. I thank the gentleman. And I just want to make 
a comment before closing. 

And it is, in part, Dr. Hays, a response to what I am reading be- 
tween the lines in some of the testimony that you gave, and also, 
the answers that you gave to some of the questions, and some of 
the colloquy with Dr. Ehlers. And that is that you seem to be advo- 
cating for an all hazards approach, rather than this wind hazard 
program, which has not received, it seems to me, either adequate 
attention or adequate funding. 

And I want to point out that it has been cited several times, both 
by the witnesses, and by Dr. Ehlers, that the National Earthquake 
Hazards Reduction Program at NIST is a success by many metrics, 
that earthquake codes have responded, or have been changed all 
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around the country. And I will take into consideration what you 
have had to say about taking an all hazards approach, but I do 
want to point out that this authorizing legislation passed in 2004, 
was bipartisan in its original sponsorship, was passed in a bipar- 
tisan manner through both chambers of this Congress, and was 
signed by President Bush, and it is the law of the land. And if this 
Congress passes the legislation again, I believe that what the wit- 
nesses have brought to light today, and the concerns of the Mem- 
bers of this subcommittee, are that whatever reauthorizing legisla- 
tion we pass be implemented with heart and with resources, and 
with thoughtfulness. 

I know that we all work hard to serve this nation well, and as 
we move forward in any reauthorization, we do want the future to 
be an improvement on what has happened between 2004 and now, 
with respect to this program. 

I want to thank all of our witnesses for coming the distance and 
testifying today. I appreciate that very, very much, and I under- 
stand that you know, one of our witnesses was unavoidably de- 
tained, as I have been numerous times in Chicago. And it is the 
Bermuda Triangle of commercial flight, but I am sure that that is 
a problem that we will work on and solve, eventually, also. 

The record will remain open for additional statements from 
Members, and for answers to any follow-up questions the Com- 
mittee may ask of the witnesses. And with that, I again thank all 
of the witnesses. I thank the Members for their participation, and 
the witnesses are excused, and the hearing is now adjourned. 

[Whereupon, at 11:31 a.m., the Subcommittee was adjourned.] 
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Answers to Post-Hearing Questions 

Responses by Timothy A. Reinhold, Senior Vice President of Research and Chief En- 
gineer, Institute for Business and Home Safety, Tampa, Florida 

Questions submitted by Representative Phil Gingrey 

Ql. In your testimonies, you and Dr. Levitan propose that Congress assign NIST as 
the lead agency for NWIRP. How would designation of a lead agency improve 
the performance of the program ? What activities could NIST take as a lead 
agency that cannot currently be done under the National Science and Tech- 
nology Council coordination ? 

Al. Designation of a lead agency provides a permanent home for the program with 
staffing, a web site, regular communication and a focused committed group who own 
the program. That sort of leadership is easily lost with a coordination council. NIST 
is, in our opinion, the correct agency to task with leadership of this program because 
the heart of the program, if it is to be successful, is pre-event mitigation including: 
retrofitting existing buildings and structures or improving the hazard resistance of 
new buildings and structures through stronger building codes and standards, ade- 
quate enforcement, training and education; improved methods for evaluating the 
hazard resistance of materials, components and systems; and finally improved meth- 
ods for assessing the costs and benefits of all these activities. 

While the activities and funding proposed for FEMA, NSF and NOAA, among oth- 
ers, all contribute to the bigger picture of adequately understanding the problems 
and issues associated with windstorm damage and will help lead to successful solu- 
tions that reduce damage, injury and losses, the physical changes to our infrastruc- 
ture are key to beginning to see actual reductions in losses. NIST is the appropriate 
agency to conduct and fund the kind of applied research needed and to lead the nec- 
essary technology transfer. NSF does not typically fund applied research and will 
not fund testing programs designed to develop databases needed to improve building 
code provisions. FEMA typically has very little pre-event discretionary funding and 
it does not have a strong research mission. NOAA is generally concerned about pre- 
dicting and characterizing weather events; the kind of fluid structure interaction 
that characterizes windstorm effects on buildings is outside its mission. 

Despite inadequate funding, NIST has done a good job with management of the 
National Earthquake Hazard Reduction Program since it was assigned this respon- 
sibility. There would be some synergies and critical mass benefits to having both 
programs managed by the same agency. We still see a role for the National Science 
and Technology Council in coordinating and monitoring the activities of the various 
agencies. However, we believe that having a single agency leading the effort to more 
clearly focus the contributions of the various agency activities on the mitigation mis- 
sion would be quite beneficial. 

Q2. What are the linkages between wildfire damage and wind research and develop- 
ment's ’ Can information gleaned from studying severe weather also improve our 
ability to forecast wildfire movements ? 

A2. Not surprisingly, wind significantly changes the dynamics of wildfire spread 
and creates conditions where firefighters have little control over the spread. Re- 
search being conducted by NIST and others suggests that the wind-structure inter- 
action, which has long been recognized as important to wind loads, is also critically 
important to the assessment of ignition risks and predicting wildfire spread. Close 
to the Earth’s surface, the wind characteristics tend to be dominated hy the inter- 
action of the wind with topography, vegetation, buildings and structures. While 
there may be some differences in flow characteristics because of the thermal effects 
of the wildfire, as wind speeds increase, these differences are likely to be reduced. 
Thus, we believe that analytical tools to understand the effects of turbulence on 
wind-structure interaction will be useful for improving our ability to predict 
vulnerabilities from multiple hazards that have a wind component. 

Q3. Do any members of the IBHS provide a discount to homeowners, builders, or 
businesses that adopt and use the latest building codes ? With what professional 
organizations do you coordinate during the development of your building codes ? 
What impact do your suggested codes have on the construction industry ? 

A3. All insurance companies writing wind-related property coverage in Florida pro- 
vide some sort of discount for structures built using the most up-to-date building 
codes. The amount of the discounts and the ways they are administered is left to 
the discretion of the individual insurers. IBHS does not get involved in any under- 
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writing discussions. We also have a number of State wind pools, as well as some 
private insurers that have begun offering discounts for homes built using IBHS’ For- 
tified . . . for safer living™ criteria, which is actually “code plus.” 

We work with the International Code Council and the National Fire Protection 
Agency on the development of their national consensus model building codes where 
all stakeholders participate in the code development process. IBHS does not have 
or maintain its own building code. We do have a voluntary “code plus” designation 
where we have worked to establish a series of requirements that our analysis indi- 
cates will produce a superior building that will likely perform substantially better 
than surrounding buildings when a major event occurs. A key element of that des- 
ignation program is a design review and a series of inspections, which assures that 
the key hazard resistant elements are actually built into the building as designed 
and as required for the designation. 

Frequently, stronger building codes and our “code plus” designation add to the 
first costs of the building. However, we believe that those higher initial costs need 
to be assessed in terms of the overall life cycle costs of ownership of the building 
and the peace of mind and reduced chances of disruption to lives and the community 
that are associated with the improved hazard resistance. Risk modeling companies 
and various benefit-cost analyses for proposed strengthening of building code provi- 
sions have generally shown significant positive benefit-cost ratios for seismic and 
windstorm upgrades. 

The amounts of the benefits certainly vary depending on the building size, prob- 
abilities of occurrence of events of certain magnitudes and type of construction. We 
believe that improving our ability to carry out robust benefit-cost studies should be 
a key goal of the National Windstorm Impact Reduction Program. Clear demonstra- 
tions and justification of the benefits will go a long way toward convincing a wide 
variety of public and private entities that they should be valuing hazard resistant 
construction and providing incentives to encourage construction of these types of 
buildings. 
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Answers to Post-Hearing Questions 

Responses by Marc L. Levitan, Director, Louisiana State University Hurricane Cen- 
ter; Charles P. Siess, Jr. Associate Professor, Department of Civil and Environ- 
mental Engineering, Louisiana State University 

Questions submitted by Representative Phil Gingrey 

Ql. In your testimonies, you and Dr. Reinhold propose that Congress assign NIST 
as the lead agency for NWIRP. How would designation of a lead agency improve 
the performance of the program? What activities could NIST take as lead agency 
that cannot currently be done under the National Science and Technology Coun- 
cil coordination? 

Al. The National Institute of Standards and Technology (NIST) is the best choice 
as a lead agency for NWIRP to improve performance of the program. NIST’s Build- 
ing and Fire Research Laboratory has a long history of research and technology 
transfer in the study of wind hazards and wind hazard mitigation (the statements 
of Drs. Hays and Reinhold for this hearing provide details on some of NIST’s recent 
activities in support of the wind engineering). 

Of the federal agencies involved in the NWIRP, NIST has the most standing with- 
in the engineering research and technology transfer community in the area of wind 
hazard mitigation, making their leadership more effective than that of other agen- 
cies. NIST has the most interaction with industry and building codes and standards 
activities, which are critical components to effective wind hazard mitigation. 

The NWIRP is very similar in nature to the successful National Earthquake Haz- 
ards Reduction Program (NEHRP) for which NIST already serves as the lead agen- 
cy. NEHRP program activities span the range of basic research, applied research, 
and technology transfer and education, working with other government agencies, 
universities, industry, and nonprofit research and technology transfer organizations. 
The NWIRP program has a similar range of activities and partner agencies and or- 
ganizations, so NIST can leverage its success leading the NEHRP into ramping up 
activities of the NWIRP. 

Since NIST has expertise and experience with basic research and applied research 
and technology transfer in the area of building technologies, both in-house and 
through management of externally funded projects, they are in a position do a better 
job coordinating the overall NWIRP efforts than the current arrangements. 


Question submitted by Representative Laura Richardson 

Ql. Can you please provide recommendations on how the pipeline of engineers and 
other professionals with wind hazard mitigation expertise can best be developed? 

Al. Very simply, developing a pipeline of engineers and other design professionals 
with wind hazard mitigation expertise is primarily dependent on availability of 
funding for wind hazard mitigation research. 

Students graduating with Bachelors or advanced degrees in civil engineering, ar- 
chitecture, and construction management today have little or no formal education 
in wind hazards and mitigation. Much of the reason behind this phenomenon stems 
from the current paucity of funding for wind-related research. The expertise to teach 
the kind of classes and to develop the textbooks and curricular materials needed 
generally resides in university faculty. There are only a small handful of faculty at 
U.S. universities that currently work in the area of wind hazard mitigation, which 
is directly correlated to research funding levels. If university faculty members can- 
not obtain funding in a certain area, they will not get promoted and tenured, so they 
choose other areas for their research careers. With little research support available, 
there are very few graduate students working in this area, so we are not effectively 
training a new generation of faculty and research leaders. 

Comparing this situation with earthquake hazard mitigation is very instructive. 
The NEHRP has provided a significant level of research funding for years now, hav- 
ing a hugely effective impact on seismic hazard reduction. There are very active pro- 
grams in earthquake research, education, training, and engineering practice, par- 
ticularly in high seismic areas. There are many faculty active in earthquake engi- 
neering research and education, therefore reference books, textbooks, and training 
materials for continuing professional education are widely available. Most civil engi- 
neering curricula on the west coast have required components and sometimes entire 
courses in seismic design at both the undergraduate and graduate levels. One of the 
end results of the NEHRP has been creation of a current generation of design pro- 
fessionals equipped with the fundamentals earthquake hazard reduction. Seismic 
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safety has become a critical component of every building and infrastructure project 
that is conducted in the areas of high seismic risk in this country, one that is con- 
sidered from the very start of the project. Contrast this with wind hazard mitiga- 
tion, which in most cases is not considered as a design priority and the building 
science professionals are not generally knowledgeable about it. 

Ramping up funding levels for wind hazard mitigation research over the next sev- 
eral years and then maintaining it is the single most important step in building and 
filling a ‘pipeline’ of new design professionals that can solve the Nation’s wind haz- 
ard problems. It will attract new faculty and graduate students to study in that 
area, leading to publications and textbooks and new courses that work their way 
into undergraduate curricula and continuing professional development for practicing 
engineers and architects. 
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Answers to Post-Hearing Questions 

Responses by Leslie Chapman-Henderson, President and CEO, Federal Alliance for 
Safe Home, Inc. — FLASH® 

The information provided is based on our experience with input from many of the 
partners in the Federal Alliance for Safe Homes, including, but not limited to, our 
committee of technical construction experts and engineers from Georgia-Pacific, 
Home Depot, SkyeTec, the National Storm Shelter Association, State Farm Insur- 
ance Companies, Louisiana State University, Simpson Strong- Tie, Institute for Busi- 
ness and Home Safety, and WHYork Consulting. The retrofitting solutions that are 
referenced below have been tested through research at institutions including the 
University of Florida, Florida International University, and Texas Tech. 


Questions submitted by Representative Phil Gingrey 

Ql. What is the state-of-the-art for retrofit technologies of older construction ? 

Al. State-of-the-art Retrofit Technologies — Seven key methods of retrofitting 
older homes and protecting vulnerable areas have been researched and tested for 
their effectiveness. Today, these methods represent the best practices for state-of- 
the-art windstorm mitigation in the built environment. They include the following: 

1 ) Roof Deck and Attachment: Install a roof deck of solid plywood five-eighths 
inches to maximize wind and wind-borne debris resistance with 10 penny 
common or eight penny ring shank nails spaced at six inches along the panel 
edges and every six inches in the field of the plywood panel. The nails must 
penetrate the decking directly into the roof framing, and a visual inspection 
from the attic should confirm that the roof decking is properly nailed to the 
roof framing. 

2) Secondary Water Barrier: Create a secondary water barrier by installing self- 
adhering flashing tape or modified polymer bitumen strips on top of the 
joints in the roof deck. This measure keeps out the rain in the event the roof 
covering is damaged or destroyed by severe weather. Install a layer of 30# 
underlayment, or felt paper, over the decking and secondary water barrier. 
The felt helps with drainage in the event water gets under the roof covering. 

3) Roof Covering: Install a roof covering that has been tested to the latest 
standards for wind and impact resistance. These standards are ASTM D 
3161 (modified to 110MPH) or UL 2390 for wind resistance and UL 2218 for 
impact resistance. Adhesives can significantly increase the roofs resistance 
to uplift from the wind by applying a bead of premium construction adhesive 
inside the attic using a caulking gun along both sides of the intersection of 
the roof decking and the rafters or trusses. We recommend an adhesive that 
successfully meets APA AFG-01 or ASTM D 3498. 

4) Roof Shape and Bracing Gables Ends: A hip roof typically performs better 
in windstorms than a gabled roof because of its aerodynamic properties and 
typical construction techniques. For gable end wall construction, there are 
two construction techniques that should be followed — Continuous Wall Con- 
struction, or Balloon Framing, and Platform Framing. Continuous Wall Con- 
struction uses full-height studs, concrete or solid masonry walls from the 
floor all the way up to the roof. Platform Framing is another option. Plat- 
form framing braces the intersection of the gable and the end wall as this 
intersection is a particularly weak point and those that are not properly 
braced can collapse. If the wall collapses, wind and wind-driven rain can 
enter the home causing major damage. In older homes with attics, an attic 
floor or ceiling diaphragm can be braced and retrofitted in some cases to pro- 
vide the lateral support of the gable end wall if the end wall is not framed 
full height. 

5) Roof -to-W all Connections: To make sure the roof stays in place in high wind, 
securely anchor the roof to wall by installing hurricane straps or clips at 
every wall-to-rafter (or truss) connection to reinforce the roof. These connec- 
tions are critical in holding the roof together and will dramatically increase 
the home’s overall resistance to wind. The connectors should be installed 
under the manufacturer’s specifications. 

6) Opening Protection: Protecting home’s openings such as windows and doors 
from penetration from wind-borne debris can be done by installing code-ap- 
proved impact-resistant windows and doors or installing impact-resistant 
coverings, such as shutters over windows and doors. Impact-resistant glass 
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and shutters are specifically designed to meet a combination of impact from 
wind-borne debris and continuous pressure from the wind. 

Impact resistant windows usually consist of a clear plastic-like film sand- 
wiched between two specially-treated pieces of glass, giving the window 
greater strength than glass alone. Equally important as the strength of the 
glass is the strength of the window’s frame. An impact resistant window is 
tested as a unit that includes the glass, the frame, as well as the attach- 
ment hardware and the installation method. A variety of products have been 
brought to market that have been tested to research-based standards and 
have been designated as such through a recognized product approval system 
or evaluation report. Recognized ratings include are SBCCI SSTD 12; ASTM 
E 1886 and ASTM E 1996; and Miami-Dade Protocols PA 201, PA 202, and 
PA 203. 

7) Doors: Exterior doors should be wind and impact resistant or protected with 
an impact resistant covering. Garage doors are particularly vulnerable to 
high winds because of the long span of opening they cover and the relatively 
light weight material they are made of. Two options are available for the 
strengthening garage doors. One option is to replace the door track with a 
system that is designed to withstand high winds and wind-borne debris. The 
other is to protect the garage door with a tested and approved impact resist- 
ant covering. 

Q2. What are the costs of those changes for an average house built in 1970? 

A2. Average Costs for Retrofit Technologies — The information below shows es- 
timated costs for improvements on homes built in 1970 or before using the retro- 
fitting technologies for older homes. This data was collected through the My Safe 
Florida Home program, administered by the Florida Department of Financial Serv- 
ices, with actual retrofit numbers and pricing. In the course of conducting free wind 
inspections, My Safe Florida Home estimated that it examined 4,315 homes that 
were built in 1970 or before. The average age of all the homes inspected under the 
program in 2007 was 26 years, with an average insured value of $238,000. 

Interior roof deck attachment (installed on the underside of the roof via the attic) — 
$3,754 

Exterior roof deck attachment (installed when home is being re-roofed) — $201 
Interior secondary water barrier (installed on the underside of the roof via the 
attic) — $4,527 

Exterior secondary water barrier (installed between the roof deck and roof cover) — 
$784 

Upgrading roof covering — $2,177 
Bracing gable-end walls — $576 
Reinforcing roof-to-wall connections — $1,823 
Standard protection for entry door — $764 
Standard protection for gable end vent — $84 
Standard protection for garage door — $1,263 
Standard protection for skylight — $739 
Standard protection for sliding glass door — $1,611 
Standard protection for window — $279 
Permanently attached protection for entry door — $764 
Permanently attached protection for gable end vent — $84 
Permanently attached protection for garage door — $1,263 
Permanently attached protection for skylight — $739 
Permanently attached protection for sliding glass door — $1,611 
Permanently attached protection for window — $723 
Permanently deployed protection for entry door — $696 
Permanently deployed protection for garage door — $1,263 
Permanently deployed protection for skylight — $739 
Permanently deployed protection for sliding glass door — $4,692 
Permanently deployed protection for window — $1,771 
Source: My Safe Florida Home Program 
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Original program cost estimates were established via a survey and analysis that 
looked statewide at pricing estimates for each retrofit option covered by the My Safe 
Florida Home Program. The pricing information was obtained from sources includ- 
ing: 

• Garage door manufacturers and suppliers 

• Impact-rated window manufacturers 

• International Hurricane Protection Association data 

• Data from Manufacturers of both standard and non-standard shutter products 

• Local building contractors regarding specific retrofits such as soffit replace- 
ment, roof-to-wall connections, and gable end bracing 

• Roofing Contractors and the Florida Roofing, Sheet Metal and Air Condi- 
tioning Contractors Association (FRSA) for roof covering prices for cost per 
square foot of openings for protection, roofing, and specified retrofits of wall 
or gable ends 

• Department of Financial Services Statewide Construction Pricing List 

As stated above, the My Safe Florida Home now uses actual grant costs on home 
improvements to maintain current cost estimates and uses data collected from ap- 
proximately 400,000 completed home inspections performed from 2006 to 2008. 

Q3. Can we confidently calculate the cost and benefits of retroft technologies cur- 
rently? 

A3. Cost Benefits Ratios for Retrofit Technologies — We believe that we can 
confidentially calculate the costs and benefits of retrofit technologies currently avail- 
able. One measure of financial cost benefit ratios may be established by calculating 
the savings to homeowners that may be achieved through the lower insurance pre- 
miums offered when a home’s storm-resistance rating is improved. By law, ah li- 
censed insurance companies in Florida must offer discounts on premiums for hurri- 
cane-strengthening features. In a report released in February 2008, My Safe Florida 
Home reported that retrofitting an average home with $3,748 in improvements 
yielded an average discount on wind premiums of 24 percent. Of 393,446 homes in- 
spected to date, 226,368 — 57 percent — were eligible for an average savings of $218 
dollars off their wind insurance premium annually. Of all homes that were awarded 
grant funds to protect all openings, the average increase in strength to the home 
as measured by the hurricane resistance rating scale was 36 percent, or 16 points. 

Another method of calculating costs and benefits is to conduct a statistical anal- 
ysis of the economic and social losses that may be avoided through mitigation. These 
losses may include direct property damage, business interruption, human losses, 
and the cost of emergency response. 

The Multi-hazard Mitigation Council (MMC) of the National Institute of Building 
Sciences released an independent study in 2005 that quantified the future savings 
from hazard mitigation, looking at hazard mitigation activities related to earth- 
quake, wind and flood funded through three mitigation grant programs — the Hazard 
Mitigation Grant Program, Project Impact, and the Flood Mitigation Assistance Pro- 
gram. The study was in response to a mandate by the Senate Appropriations Com- 
mittee, Subcommittee for the Veterans Administration, Department of Housing and 
Urban Development, and Independent Agencies of the 106th Congress (Senate Re- 
port 106-161). 

The final MMC report, “Natural Hazard Mitigation Saves: An Independent Study 
to Assess the Future Savings from Mitigation Activities,” looked separately at earth- 
quake, wind and flood mitigation, providing a cost-benefit analysis for each threat. 
The study considered both “project” mitigation — physical measures to reduce dam- 
age — and “process” mitigations — which include activities such as assessment, edu- 
cation and efforts to foster stronger building codes. 

With regard to wind mitigation activities, the MMC findings were that property 
loss benefits can be significant, with reductions measuring up to four times the cost 
of the retrofit. The total benefit-cost ratio of wind hazard mitigation was 3.9 — much 
higher than the 1.5 benefit-cost ratio of earthquake mitigation. The MMC study 
looked at community-wide benefits, taking into account impacts including human 
losses, economic loss, direct property damage, business interruption, and govern- 
ment costs including emergency response. 

While existing data clearly points to a favorable benefit-cost ratio for wind hazard 
mitigation, there are areas that may be further explored in future efforts. Areas for 
further study may include a benefit-cost analysis specific to residential structures, 
estimating cost-benefit ratios for specific retrofitting measures or techniques. Rel- 
atively inexpensive measures to protect the integrity of structures may have enor- 
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mous incremental benefits — for example, the loss of a roof in a windstorm can easily 
lead to a total loss of the structure, which may be prevented by a few relatively in- 
expensive retrofitting techniques. 

Q4. If not, what needs to he done to improve our understanding? 

A4. Expanding Cost Benefit Information — We believe that the current financial 
cost-benefit information, while reliable, can and should be expanded through ongo- 
ing efforts in all the states facing wind hazards as different local market conditions, 
construction costs and insurance regulatory laws can affect the cost and feasibility 
of wind retrofitting activities. This could be accomplished through expanded market 
level research leveraging the readily available data on actual improvement costs 
along with data collected on the age and resistance of the current housing inven- 
tories. These efforts could be expedited in hurricane-affected markets like Alabama, 
Mississippi, Louisiana and Texas. This additional market research would likely 
yield an enhanced picture of the current built environment and its vulnerability to 
the wind hazards including hurricanes and tornadoes. 

Further, we urge the Committee to consider an investment in expanded applied 
research to support further refinement of retrofitting techniques. This investment 
in research and testing of construction techniques could introduce enhanced effi- 
ciency and cost savings that will positively impact cost benefit calculations. 

Finally, we urge that cost benefit always be viewed, first and foremost, in the con- 
text of life safety and injury prevention while recognizing financial benefits as an 
essential but secondary benefit. The recent losses of thousands of lives as both direct 
and indirect outcomes of hurricanes and tornadoes are stark reminders of the essen- 
tial nature of reducing windstorm threats at any cost. 

We applaud the Committee for this critical examination. We thank you for your 
commitment to solving the critical issue of wind hazard reduction, and we are 
standing by if we may be of any additional service. 
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Statement of Timothy A. Reinhold 
Senior Vice President of Research and Chief Engineer 
Institute for Business & Home Safety 
Tampa, Florida 

Chairman Wu and Members of the Subcommittee, my name is Dr. Tim Reinhold. 
I am the Senior Vice President of Research and Chief Engineer for the Institute for 
Business & Home Safety (IBHS), which is a nonprofit initiative of the U.S. property- 
casualty insurance industry dedicated to reducing property losses of all types. Our 
members write 87 percent of the property-casualty business in the country. Our re- 
search and mitigation messages are focused on earthquakes, wildfire, high-winds, 
hurricanes, freezing weather, and flooding. We are specifically involved in wind- 
storm impact reduction through: 

• research and testing; 

• communications; 

• outreach and education; 

• building code development and adoption; 

• data collection and analysis; and 

• promotion of incentives for mitigation and disaster resistant construction. 

Our members have clearly recognized the need for, and potential benefits of, sig- 
nificant new investments that target hazard-related research and focus on physical 
mitigation of buildings and structures. In response to that need, the IBHS Board 
of Directors this spring authorized construction of a major new independent re- 
search laboratory for which we are currently involved in a $40 million capital fund- 
raising campaign. A central element of the laboratory will be a windstorm simula- 
tion facility capable of reproducing a variety of conditions ranging from hurricane 
winds and wind-driven rain, wind-blown hail, and wind-driven wildfire effects. 

In addition, our members have voted to significantly increase our operating budg- 
et over the next few years. Beyond this direct investment in our own efforts, IBHS 
members clearly recognize the need for additional federal investments in basic and 
particularly applied research related to natural hazards and mitigation efforts. Spe- 
cifically, IBHS as well as a number of our member companies have supported the 
“National Windstorm Impact Reduction Program” and IBHS provided testimony 
during the hearings that led to its initial authorization. It is unfortunate that no 
funds were ever appropriated for that program. 

Risks and Vulnerability 

Over the past decades, with the exception of Hurricane Katrina, we have seen 
dramatic drops in the loss of life during hurricanes due to better warning and evac- 
uation systems. Warning times for tornadoes have improved in many parts of the 
country through the extended use of Doppler radar, and we are seeing increasing 
numbers of people being evacuated in areas threatened by wildfire. In contrast to 
the reductions in loss of life, we have seen dramatic increases in property losses as 
our nation concentrates more and more of its population and wealth along our vul- 
nerable coastlines and in areas with greater risks for wildfires. It has been esti- 
mated that some 60 percent of the new homes built in the 1990s (about 8.4 million 
houses) were located in the Wildland Urban Interface (WUI), and are at increased 
risk of damage from wildfires. Furthermore, fully 50 percent of the U.S. population 
now lives within 50 miles of the coast, and one-third of housing units within the 
contiguous U.S. are currently located within the WUI. 

As a result of this increased population density in vulnerable areas, we are cer- 
tainly not immune to a large loss of life in a future hurricane event. Many experts 
are concerned that a fast developing and fast moving hurricane could produce a 
large loss of life among people trapped in traffic jams associated with attempts to 
evacuate too many people in too short a time. Ultimately, we are not likely to be 
able to provide enough evacuation capacity and warning time to handle the de- 
mands if population growth continues unabated. Many emergency managers would 
argue that we have already passed the point where mass evacuation is viable in 
many of the more vulnerable areas. We are also seeing large numbers of people 
being evacuated in front of fast-moving wildfires and have already reached the point 
where more people die on the roads trying to evacuate before wildfires strike than 
die in buildings that burn during the wildfires. 

To counter the evacuation risks and the dramatic increases in property losses 
from hurricanes, we desperately need to build stronger and safer homes and busi- 
nesses resistant to windstorm effects, including water intrusion. Stronger, storm-re- 
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sistant buildings will mean that coastal inhabitants, who are not in vulnerable 
structures or in inundation areas where evacuation is mandatory, will not need to 
evacuate. In addition, property losses will be reduced and the resiliency of our com- 
munities will dramatically improve. Post-storm analysis of building performance fol- 
lowing the 2004 and 2005 hurricane seasons has clearly demonstrated that modern 
engineering-based design of buildings is reducing structural damage and economic 
losses. 

However, water intrusion and interior damage is still causing many people to be 
displaced from their structurally sound buildings. Unfortunately, the large inventory 
of properties built without any building code requirements, or using earlier inad- 
equate codes, continues to dominate the losses whenever a storm strikes. Improved 
analytical tools and test methods are needed that will allow more cost-effective de- 
sign for new buildings and that address water intrusion issues. Significant research 
is needed to address risks for existing buildings, which should include development 
of analytical tools and test methods to support both development and evaluation 
cost-effective mitigation measures. 

Similarly, we need a better understanding of wildfire risks and better methods 
for predicting wildfire spread and community performance. There are clear indica- 
tions from community assessments following recent wildfires that it is possible to 
design and maintain fire resistant communities. However, the assessment of risk 
factors still needs significant improvement. Current modeling efforts within NOAA, 
NIST, the U.S. Fire Service and academia need additional support. Again, the re- 
search should target the assessment of risks to existing buildings and the develop- 
ment of analytical tools and test methods that will support both the development 
and evaluation of cost-effective mitigation measures for individual properties and for 
community approaches to reducing risks. 

Other types of windstorms, including strong thunderstorms and tornadoes, rou- 
tinely represent a large portion of annual losses across our nation. While there are 
no clear indications that the total number of tornadoes or the strength of tornadoes 
is increasing, the expansion of urban and suburban areas means that the chances 
of a major storm affecting homes and businesses continues to increase. Building 
codes have tended to stay away from prescribing strengthening of buildings to resist 
tornadoes because the chance that a particular building will be struck are below the 
risk threshold usually used by building codes to prescribe minimum design require- 
ments. Key goals for personal protection can be expressed as creating a safe place 
and providing time to get there before a tornado strikes. Nevertheless, some high- 
value properties are being specifically designed with these events in mind, and the 
International Code Council recently developed a shelter design standard that ad- 
dresses design of both tornado and hurricane resistant shelters. The potential for 
large tornadoes to affect large portions of communities or a whole community have 
been driven home in recent years by the Oklahoma City tornado and the Greenburg, 
Kansas, tornado. 

When it comes to the general population of buildings, there are clear indications 
that modest strengthening of connections could reduce structural damage in the 
more frequent weaker tornadoes. About 87 percent of the land area affected by tor- 
nadoes or other thunderstorm-related wind events experience nominal wind speeds 
below those associated with a moderate hurricane. Even the most intense EF-4 or 
EF-5 tornadoes produce large variations in wind speeds, with significant areas 
around the periphery of the storm being affected by lower wind speeds. There are 
clearly differences in the wind structure of these storms. NOAA and NOAA/NSF 
funded academic research to investigate the structure of these storms is needed. 
NIST and NSF funded research is also needed to investigate the corresponding 
wind-structure interaction. This research is needed to assess the implications for de- 
sign of building components, connections and systems when additional protection is 
desired. 

Experience over the past several decades and projections for the future all indi- 
cate that damage and losses from hurricanes, tornadoes and wildfires are all ex- 
pected to increase. Most of that growth is related to increased concentration of popu- 
lation and property values in risky areas. Improvements in the design and construc- 
tion of new homes and communities, and the implementation of mitigation measures 
for existing buildings and communities, are the most effective means for actually de- 
creasing the losses and impacts on communities. Improved predictive tools for com- 
municating risk and for providing advance warning so that last-minute preparations 
can be taken and safe evacuation accomplished also play an important role. 

Mitigation Research 

As indicated above, a major emphasis of future research should be on developing 
improved predictive tools and test methods that address the specific characteristics 
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and risks of each of the hazards. Progress has clearly been made in defining general 
problems and vulnerabilities; but, as we move to the level of a specific community 
and then to a specific structure, predictive tools lose their ability to address specific 
vulnerabilities, to assign loss estimates to those vulnerabilities and to establish 
clear cost-benefit estimates for mitigation measures. 

In order to better assess various mitigation measures and to establish priorities, 
significant research is needed that will enhance existing or develop new test meth- 
ods, analytical tools and system approaches to integrating the vulnerability assess- 
ments. Given the state-of-the-art, I would suggest an almost equal investment of re- 
sources in short-term and long-term efforts. There will have to be a coupling be- 
tween knowledge gained from research into the nature of the risks with analytical 
tools and test methods to assure that the salient physical factors are adequately in- 
cluded. 

Parallel efforts can be effective. We need to revisit and carefully review current 
test methods and analytical tools in light of recent observations from post-event as- 
sessments. This will assure that any limitations and possible relationships between 
laboratory or computer simulations and field experience are clearly defined. At the 
same time, additional research is clearly needed on the nature of the threats posed 
by the different hazards and of the physical characteristics that are potentially im- 
portant to performance of buildings when they are exposed to the hazards. 

A major emphasis of the research should be directed towards system effects and 
system performance so that the roles of various vulnerabilities can be properly as- 
sessed within an overall performance-based analysis. The research should focus on 
more complete definition of the phenomenon involved in the basic hazards and on 
the interaction of those hazards with the built environment. Initial high-level as- 
sessment and tools can help in the short-term, but ultimately, the assessments and 
tools must be built upon a very granular foundation that properly accounts for indi- 
vidual elements within the context of the system performance. 

Case studies and demonstration projects, similar to those employed in building 
energy research, should be a part of the program. Durability and performance in 
extreme events after years of exposure to the elements must be factored into assess- 
ment of products and systems. We must move beyond assessments that are limited 
to new unused products and account for the effects of aging. 

Much of the private industry research and development as it applies to wind haz- 
ards has focused on meeting existing test standards so that products can obtain 
product approvals necessary to allow their use in building construction. There are 
some ongoing efforts to look at new test methods and performance issues within 
government laboratories and academic institutions and to some extent by industry 
associations. 

Implementation of the National Wind Impact Reduction Program 

In a real sense, the National Wind Impact Reduction Program (NWIRP) has never 
been implemented in any meaningful way because no funds were ever appropriated 
for the program. Nevertheless, there has been some progress in windstorm-related 
research through activities of individual agencies using existing authority and budg- 
ets and through several earmarks that have directed budgeted resources to aca- 
demic organizations at the expense of agency activities and priorities. Significant 
advances include the measurement of meteorological parameters in hurricanes, 
around the periphery of tornadoes, and in wildfire regions and in improving the un- 
derstanding of wind loads and wind effects. However, these efforts have been frag- 
mented and of limited scale due to lack of resources. Consequently, they have gen- 
erally not provided the level of detailed information needed to significantly improve 
our understanding of all of the important parameters or significantly improve as- 
sessment tools or modeling of the events. 

Some specific examples are described below. FEMA has produced a series of best 
practice documents following some of the major hurricanes and other windstorm 
events and has developed a powerful general risk assessment tool through HAZUS- 
MH. However, significant work is still needed before it will be particularly useful 
for evaluating individual properties. NIST has been working on a database assisted 
tool for improving the assessment of wind loads on structures that should be an im- 
portant resource for improving load definitions in future editions of the model build- 
ing codes. NIST also has been working on a detailed model of wildfires that includes 
the kind of detailed granular structure needed to create a useful predictive tool. 
Again, this tool may have its greatest use in improving future wildfire related build- 
ing code requirements and in the assessment of mitigation measures. 

NIST-related earmarks have funded research initiatives at Texas Tech University 
and for one year at a consortium of universities that included Clemson University, 
the University of Florida and Virginia Tech. The research conducted through these 
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earmarks have contributed to improved understanding of wind loads and wind char- 
acteristics that are beginning to find their way into proposed building code changes. 
The NSF has funded a number of research initiatives, including one through PATH 
funding that has targeted water intrusion research. NOAA has been continuing its 
work on forecast enhancements and through earmarks has funded some of the land- 
based deployments of instruments to measure wind conditions in hurricanes. The 
National Sea Grant Program of NOAA also has funded a number of research efforts 
aimed at improving the resilience of coastal properties and the evaluation of mitiga- 
tion options for existing buildings. 

There has been some level of coordination of these various research activities be- 
tween individual agencies and in particular between researchers at the various 
agencies. For example, NSF has funded the water intrusion research through fund- 
ing associated with HUD’s PATH program using jointly established priorities. NIST 
is working with NOAA and with the U.S. Fire Service on its modeling of wildfire 
risks. However, there has not been the level of coordination originally envisioned by 
a fully developed and fully funded NWIRP. 

As Congress looks towards reauthorization of the NWIRP, we would suggest that 
it concentrate the efforts in three areas. 

• The first is development of enhanced understanding of the events, including 
better definition of parameters that are important to the design and perform- 
ance of the built environment. For hurricanes, this can include ability to fore- 
cast tracks and intensities of events, but it should go beyond that to include 
characterization of storm characteristics such as wind turbulence, gust struc- 
ture, and wind-driven rain characteristics and quantity. For wildfires, it 
would include the influence of topography and terrain roughness on the local 
wind climate, turbulence associated with the flow, and influence of burning 
vegetation and houses on winds in a community. For tornadoes, it could in- 
clude better definition of the wind field near the ground surface. 

• The second area is research directed at better understanding and modeling 
of the interaction of the events with the built environment. For hurricanes, 
this would include the influence of wind characteristics and water droplet size 
distributions on wind loads and water intrusion, respectively. For wildfire, it 
would include the influence of wind on ignition points, fire intensity and heat 
transfer, as well as the ability of firefighters to influence the risks. For torna- 
does, it would include the influence of the wind field characteristics on wind 
loads and a better understanding of the required strength of components and 
connections to resist these loads and effects. 

• The third area is the research aimed at improving building codes, developing 
effective mitigation measures and analysis tools to improve design efficiency 
as well as assess the benefits of mitigation measures or design requirements 
on both component and system performance. This research also should target 
the resilience of transportation and lifelines systems as they are essential to 
the quick recovery of individuals and communities. 

We would suggest that the legislation designate a lead agency and provide more 
balance in the suggested funding that will emphasize the mitigation-related re- 
search efforts. Ultimately, we need to reduce the losses and disruptions that accom- 
pany these events in order to protect our citizens and stabilize our communities and 
economy. The NWIRP should have as its core focus activities which support that 
mission. Consequently, from our perspective, NIST should be the lead agency but 
funding and coordination should extend at least to NOAA, NSF, FEMA, HUD and 
the FHWA. 

Technology Transfer 

The main obstacles to widespread implementation of windstorm mitigation tech- 
niques in new and existing structures relate directly to issues of complacency, edu- 
cation, research and demonstration of cost effectiveness of the measures. Through- 
out the country, homeowners are, in general, complacent about their exposure to ex- 
treme windstorms or they believe there is little that can be done to provide protec- 
tion from the most intense storms where people frequently are killed or injured. 
People who live in central Florida have typically said that the real risk is in South 
Florida, or the Panhandle. Likewise, builders and legislators who live and work in 
the Florida Panhandle think that they are protected by a shelf of cooler water off 
their coast and that the real risk in the Keys or in the Carolinas. A major problem 
is that the typical return periods between major storms is such that people do not 
think it will happen to them. 
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Because of this low perception of threat from windstorms, consumers are less like- 
ly to spend the money required to make their homes more resistant to windstorms — 
especially when they can spend their money on upgrades they can enjoy everyday 
like granite counter tops and hardwood floors. The competition to spend extra 
money on home improvements rarely results in mitigation efforts winning out. 
There is a fundamental need to create reliable tools that will provide accurate esti- 
mates of the benefits of mitigation measures as well as the costs. There is also a 
critical need for social science research to help guide the mitigation programs so 
that solutions are also implemented. 

Lack of data and research on the benefits of mitigation and strong building codes 
also poses a barrier to the implementation of mitigation measures. The data that 
insurers collect as a part of the claims process following a major wind event relates 
mainly to documenting the damage that the policyholder needs compensation for 
and making sure the insured is compensated according to the policy coverage in a 
timely manner. The role of the insurance adjustor in such a scenario is to document, 
estimate and pay or arrange for payment of covered expenses. Typically there are 
extreme time constraints placed on the adjustors and the companies they represent 
to review properties and act on claims in a short timeframe. Given these responsibil- 
ities, it becomes too onerous (particularly in a catastrophe when large amounts of 
disaster victims need to begin their recovery) to expect that the adjustor would be 
able to determine and document the actual causes of loss and identify mitigation 
measures that could have prevented or reduced the damage. Because of this, insur- 
ance data alone provides little insight into the impact that wind mitigation can have 
on total losses. 

In order to produce meaningful data to assess the effect of windstorm mitigation 
activities, several things need to be known. First, the actual wind speed and the 
characteristics of the wind that the building was exposed to needs to be known. 
Then, details as to what parts of the building failed due to excessive wind force need 
to be documented and most probable causes of initiation of failure need to be identi- 
fied. By comparing the wind speed with a careful study of the failures, researchers 
can begin to make credible quantifications of the potential benefits of windstorm 
mitigation. 

Unfortunately, many of the NOAA Automatic Surface Observing Systems (ASOS) 
lose power and stop recording or reporting wind speed data during severe wind 
storms. There is a clear national need to harden these systems and provide backup 
power so that NOAA and all those affected by these storms have better data on sur- 
face winds in various areas impacted by the storms. 

A number of barriers to constructing stronger and safer structures also relate to 
the adoption and enforcement of building codes and standards. 

• First, a large number of local communities throughout the Nation have not 
adopted any building codes and standards for residential construction. 

• Second, a large majority of local communities have not adopted the latest 
model building codes without any local amendments that weaken the model 
provisions. 

• Third, while there is more widespread adoption of model building codes and 
standards for commercial properties, there are again many local jurisdictions 
where code adoption is non-existent or woefully out-of-date. 

Uniform and strong enforcement is another key issue, even in local communities 
that have adopted the latest standards. This lack of uniformity in the baseline for 
construction of homes and businesses means that the performance of buildings is 
less predictable and the levels of risk vary dramatically from jurisdiction to jurisdic- 
tion. We find that responsible builders have difficulties competing in areas where 
there are no building codes, which leads to building to the lowest denominator. Fur- 
thermore, we see national builders building differently in areas with identical de- 
sign wind speeds, simply because the local building code adopted in a particular 
area does not require the same level of construction as the national model building 
code being enforced in the other area. All too often, the local building code is treated 
as the maximum rather than the minimum. 

While issues of States’ rights and local authority generally keep federal agencies 
from trying to mandate building codes, except for federal buildings, there are oppor- 
tunities for the Federal Government to initiate a number of incentives that would 
encourage states to adopt and enforce statewide building codes without local amend- 
ments that weaken the minimum requirements. For example, FEMA could use the 
adoption and enforcement of statewide building codes as criteria for providing addi- 
tional pre- and post-disaster mitigation funds to states. Federal mortgage agencies 
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could provide lower interest rates or lower fees for mortgages on properties built to 
the latest building codes and standards. 

Finally, many of the test and evaluation methods available for assessing the wind- 
storm performance and durability of materials, components and systems fall short 
in reproducing the true nature of the loads and effects of severe windstorms and/ 
or the effects of environmental factors on aging and associated degradation of wind- 
storm resistance. Federal agencies can play an important role in funding research 
and developing facilities that will allow the more realistic simulation of windstorm 
loads and effects, and in the development of tools and facilities for assessing the ef- 
fects of aging. Some efforts along these lines have been supported through the Part- 
nership for Advancing Technology in Housing (PATH) through research and grants 
initiated by the National Institute for Standards and Technology and the National 
Science Foundation. Much more work is needed. 

Conclusion 

Windstorms and other natural disasters happen every year in the United States, 
and impact thousands of homeowners and businesses. Yet we do know how to build 
homes and commercial structures so that the losses and damage caused by natural 
disasters are significantly reduced. Ongoing research teaches us more every year, 
and ongoing communication and public education has the potential to reduce losses 
every year. All of the stakeholders can contribute to the creation of a climate where 
hazard resistant construction is valued and demanded and where a myriad of incen- 
tives are offered that will encourage local communities and states to build hazard 
resistant communities that become known for their resiliency in the face of severe 
windstorms or other natural and manmade hazards. 

There are clear opportunities for the Federal Government to support research and 
the removal of barriers to the development of hazard resistant construction. We be- 
lieve that the best road forward is through a coordinated multi-agency research ini- 
tiative with significant new funds under the umbrella of the NWIRP. 

Thank you very much. I would be happy to answer any questions you may have. 
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1 1 ■ 1 nlcm nri ai ipik.|Ksi ihcrl n — .i-J ■ 
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t-QFn - Sh« MI'AK pdrcna-H itarinRii ■ I x,u r H Ijt raviiiau kki 

ibroipl ■ dtHTbpiv ciipjkriribc? cM>i Aill-Ya mr EGfJrrjn!' ■*.■! ihrrnch Ik plaKlar 
I-.hji-J •> I i>-:r i-rlr^ in Im iiltml wild-. i:s-:KP^-r a--! ndiii oi urnli nrt'brj ins- 
CKptrartc lapn* hil-vatnc [iiBinai' m 3 jj:mi;ll yiirr Hdlaii-dHlI rm 

IkiHfi ■ r . l I- l M ■ | -H i :t j I iiuji 

A JniM Art-'fi Oryjnp »r r#dfni ilpfuinnienii mud 4 b*hv-h'i. cra-rdirnitd by WMA'i Ofike -rd" 
(III- FiSdjSaJ CiiHJflfilUir !\< .’JCiL.V.diic;, (OP "M l Lia Indj.illi-'J ;di Lii |i.'.mL jl h i MPAR 
iwhaaloBY » lpcmde ranns iridar lyfwnw. Pi rdmj fbi WSg-stn asi&it-T ur-’tiUnnof 
ndir Nzl’-L-'ik FT-ft Hi 'A ailliu I ill'll 1 1 lLllll«d in Ilkli.VHi.lviii-Jl mtn K i. HltfiddH PpaUJl 

r»n««(ifln hiH tair-pm) ajubde rdn wh*n mm r ? imh wuihft plKi'iimyt in.iinihhry 1,1 
dirally mature iii.nv nlrropphedf v-inaNe* Uul ire needed la mw< uilmptJed naif lueniL-nl 

i 1 i|in i iMLiiln ™im ilniiiktiiv . ' I 1 1 1 1 |i>:i-..: . I : I :L-c J 1 i_ 7 1 1 I .- 1 ■ m ,Ih -n |M v I. . I I ■ I J lz .<( 

iiiJiiiLiinj..- iiii|r,,,,.j|, z ii : . ii, ^Tioctl ;r^dbilmef fudi a Urn ’jmebneti-. refoJulian. aid 

■i-:e jlr'.i*- A I j.l -Adi .Jl- v. fic fain inauiiu|i rln^^-H af Mil :: nliJ-j u,k£ -j|i|"j> |nrLi Hid" 

domiF, wfritt roimon -ci-l dannpir^ dswiunli aflen fccm. Ilnl are «i|iK>vd la riprj li^onUy 

hiLiriiL- hJi biu. lead uik Onpairg, ireajrf mil deyvlapmeai, trail Iii lim-uj.ni 

uppIkTOXiF. w eqwItH la L*m 1 j prtmtid '■I'-upp la 'nq^crp edti b&lkB in poquipiliat, corip 

:i: il in. jil.Lt-.pid il IhIjvhi ai -.^ualnru jiiJ nunftciunx- I tS& i " Li y MLycu |ilii.-J !■;. 

PliJidni i-fip nrjIH-fiirkibm n»itfl ndln-.nb h:i: tzi n [; r. --.-i I La -In awmlaljjii l-dar 

ft»K K-’iu il WMIlNf bid gllKMIfl rtl'VLldm- IldV-viLp. hli. 'Mill 40 l-.H-'Jlli Iclit'f Ittdttp. 

J'rtg^-.Tri.MLE' rfy.W l.t| _lT+r 1/ .'.lih-ri v '.-r. 

Hinee the lenn '-rardplarm'' in Ibf Nftnl ^'inrferem inpiei kedaeUHin I'n'snri -f krfuiRt ii 

ik-fmd au — Dili utiini wifi h -iiHfi <aji oj nr Aataiklivr wunl ijinpiiKit. hktIi u ■ Iilsu&idh, 

ir.Trjcnl Am, irnwkt. w fwnJwiInnti." >U* 4pfiniii>jn wdH mcliirb ^iiriwii^vinMilH 

ItrlkliHi Uul HjjJ MiCicOif hUMIU ua,d>by JW aiizj |jn li-iii a, i>. 4 ai«d flOL-tl, 4 urDLiUVE 
•ir-jiLii-ine windp mi.i iniarcbiupij pwdueed b"-' p^tw llnuiikrpiamip. nrJ anid-tbiven 
pitJ, a ludi’y ini, bid lull AJI a| oi«w |{tv.ivnr-viu udlk teller raoniiared aid undt-eriaed 
i*vlh fp'iT-ninjiiiu. rpfi"r riit hw ih« nklitf in dpppll !■" paiiid'lnr ■f'* J '•otiun Lh* 


1 


w. III h.i^Liin llul III. X IIMS L'.iUlJ 1 1 .1 1 ■ . I.I.J .■■■■ . 1 . -||||| I- ■■ _J .IjI.i ■..'I...:. II ..ml 

.nulj'sj'" rihpiiuh iteJaXhir-Kinnny wraKRiei) mil ■impri', l Ac undcsilindinEoJ'lhi: bt r-.r- ' t 
i " shriKkJjHim-:'' i llri-n^K cidlotlinn n| ttktc -iklajlicil il^J.i in Iiitk: .mk -r^ucf Ihxl Mill k! :r,. 

ic-.L-jKh cab plieiiamdiu. mil ■, fi v. til .iidnSkioil min* Kp4ti > lUiuv. aiuih nl m DaiuVttiiLijCU 
wpiu M’lt r iv.^rim *■ iwvnr.l objee-Hiv nt -st.hn i-Lnii.iil <w( mt.i'-n'i.iH': nducrioru in 

! fki* nf life j ’il xii^.'ii' IHisti wirv.tL-fTTH ■' er.‘.. I it# in krkki/4 qf lilt; anml |ni|iciri ntliA: 

■JiituCh Ili |.J ■ I ■ h. I In Nik lu 1 1 1 l iniaiUhinu L-.i.j: il ":ii n.y.kn.t -J ru-k h.nj Jwiuh 

'Diitl'-.j nnJ pndktien "I *n liv-nd. In luitnuflir. drome i|k nwjr.1i ;|'* > 'ii |ir ' l^ai 

■ .*J-i h. J it-. V. lt c il V I" Ik a in. ii >:ti in lli= in..- i m "rii^ix— liiiiIiI t"' *—■**■ nmliitaliim 
p r.ii j l.r-i ji I'jIcl:Ji rae, KgeAei wrth miuIH|iIl- httiti iL.lt-t'.ui... longer thn.Il u.i on imnn 
jmh nf ini eh it, md n*nr h»mK^n E«noJ un ■■►■■Tm merr twice-'. on U.Vj improved 

t:ri.t{iliul iml.-ix!jii:l - ■ ■ -f ilium cnv-LujiiHi .ml '■ I ■ rn in- -it-i in.- lit. u 'luulti- b kriiulii mil 

■'IJill mtidniimi “.jMiniif, 

ViY^t^Y I ' t'.Y i m' IJEn^miiiivii 


lilt Ml" )k 1 1 1 C: r-: liimclili In knilh mttJr-th I ryl njktr.tliirTW |-rji|L>tnl -t iilnmtlnt :Lilx |m^ iilzil 
V, illi lliL ijiIji lit rmetktl Jill ukitr. jUmi- Oj hixil li s vJ ^ilii"im:ii j lll£ Ifcfcnil " iiidhlmilii Kid 

■ai'imiljmwi ' into iham-Kil* ■■■mun:.a wesfcr piv<icii»n rondel* Ihn may jIIhu. a new 

|:.rxJiuin m Ann mwnit^pn kiKn-m jr wj m n p [ 1 1 ru-j j 1 1 - u \tr-j ;■ 



I'lii '■ W»-V1 nta« . itu (Li..l.|.nr. t.llf." -ij-i .4 ii.-.-i ilui.JI-.- i. , ^ 

!'41k- 1> kn-l UIKn Id >S <*f|«lrf n> rSIKIWs Il)- IMiUlH WUrfHP ld*.-d «l P)T«*JI5- fl'IHli 
carter pi corn r [caktini 
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i i.i" a jvjrf -li i W I’lu.-vrrUl-jiia pb$nnamaa The MPA Ft i« lut I *ijlocL l fir rcfielilivc rjpid 

(•Wn !K»mi r# tHiwdfli' “i.TdKrptKiyHTNn] Ilk u-miKwinf' Il'pJikiur-'r'l rftoftnidn drt-j m 

uul link: iiIjei nmikvltik: _EaJ Lo^lilc kjijL-x^ljl linicfTlk llnini^i iiniMH-iOi] liir.i-11 1 : r 1 1 md 1 e. p _ 
niKT»|iwiM -ji HfU -luii wind aid iim wivlooi 1 tanait dctwlimj. wu-rd'-iii®. aid ctodNKt i»r 
jkuliio. ufieidliiHfe. FtoJ 3 ii-lii i Lih bm dt-nlinc-draird. lllaL oil Ilk! ■>£xig: l I it_h3 1 aVar-i Till 
inii^LiNirJ il-T.L-li.ai jnnnu fr™il ihfid i J in in- k |kl J-minul* rJni|-iTilim iijalilL--ii-in ? 2 
1 1 ii 1 1 |E*3 b HuE ] -n I till 1 r iifo-ai i ilion I IT-Jjl l:-. I . d lik k-i [J. . I . -J 1 1 1 l| I -i Li- 1 | I ill in I 1 1 1 : acL Ik ttdriU 

can iwturtwlljf aii Mil* f'.-irmd.ui-in .ml it-Hlkali.in ,il ik-rfii-‘ ■■+' l,mi3,l,i;.LM-M. - rm Mir 

uiiJuM.tidirii! ihi4i i"iiiijd".“. Jam I'lii NSS1. ••Mniiivn- aftl* ITinuum. Tttat. 

i.-i— .mi itT 2 bi |1M5. u-ilh ui >irhiifTi* ItaffUr ndir w-flkd Ihal lh* lim* fur 
hTfiklkiibhcil'w v''A%!illAdi 'tttall4k-*-llVJl Mti-kvcntlOi-j. tta rtprf ev-jlidiiie » unpin- Jib Id 
bMihicrkr ■ kith L-om-nik-tia! vuimnj rjdm I " . rcfnai'h iisun iliitiI niiinlki Tu-Tulk ^iIilI 
ilk- promt of lMnuto|pi»&. mui iiiiiL> -.I rougti} 2U Hi Moauk nt ri-i)inrd’l ms nlncmvl- 
-milK vnluiic lii i : i d I i. -r .i - imp Ilk* O.H TlI d:- 

. L u 1 Li 1 1 1 Ii i v - . ,ii.Min.i; Ml’ '-It bnn> j l; d 1 1 -I ||| ill 1 1 1 k ful . I : Lj I it. I . . 3111 1 i in I : k! kiput 

pr«vwiifi,l'i mjldi lh< v ewJi'i’r lilinlinn \rtkr h»A to Fisurs IK n»s»m J-IF.-T,R.rni atiy 
cf. (atm md fiiirfcric-d'iff dHEeretc punk ul’ihi; mu vuIimu-. liv eHoupfc. dwelling Icdfpr m 
rccim' dl - 1 *l«in "h(iv iwiiMkv' m libaljr to fomi Ii ran fii" lir'ii^T.- nvkil cntkrii 

leifimt In Qkli Ilk i.ip.d id J h-ii ®f itVMt .aid faUirdOUi iH.l m.lu Jr? Ta ii-idm-- 

I -k.i|ih:M; mill iiiv-i 31 1 ■ lT" in.-l. ■-i-Tiii;i.-ai kn- irdk Ltf.p] k-nL3.rl-.-T. -: "iiL-iibur-J.-. *i.ii.-- :t — i L-.r 
kid to hillLT hrijii Hid | hi-iadli.il 3 sd Ilk: hnldk id lhfit idkikiimi,-. 

iib.-diroii ji 1 -n'lWLi 1 aiiJ nmr-K--ali h LYHtrv.-a i 1 p r^ni/TiLi m niKtjs. hjrS--.f -vflikiV-' hi >>l 

niiik- !‘-n|ih mi Ar-ar-Hir-k~Eiiiirul -.dial -k j . I r- m llw iiiilinlii-alimi ill' ilnnii-MaiL m in.iri.-: 

‘AiMlkf |fidirii»n <n»ddK .'VH4iiil2»«i id rk.u- nr hcundjiv Ii) dr diwy in cvini wbiw k-j- 

I - i-3 3 : i: li.aj>. inland In-iilk. in bnmiljii.i lh>c pm lihliiij -iln-i cil un eft pii.-t.-il1 nut ii i-c-i -•- 1 

ilu ■ Mini;: »1 !■■;« » ii rf rewMiiv mRinion. t <vy jm -nrnii nri ilk rwmmkeil pnAiliDn oT 

kk-terr Mrjlhz. In aaddiJuin. 5E->nnllklnin nl' iuJLf diC-i laid dn lt-ad Ikkt. Ulmi uunSiikii ir 
VT. iihrr n. j| rh i3ik JTWHTTI rill |Hlld|*ill|j.- mln-v IhciVTi'Hiwi r"*lcrr in iMrtirrK'd 

ii : . J 1 1 l! prcdklilM, UiM. in. cnJui-t Ilk inn.- : i.t niudd | 1 'i - 1 _ k !:■ pmrulc fuallilld 
kildTlinli u-ilhin T-m-r»n'.irriivr ha.iipimni KhIHi F.iM unrfi ln> ihnwn llni 

■ -illil.i^i li.d .'k-niLlli. djla. Ir-aTn J -■ ■lli> l | «nda U I lilln.J.'.- nl'.T, all |ir"\kik! 

ktfinifcmlly imlj.'Bi*: jnd |kin jnimi|alini».vtHh I-'?' I'niiiwni nkdair*. nf J 5 nr 

! NiiiFjl-.--. 

JJnHi*MMmini"l Hfifii' .Mf'.iW'J ^■J#nfJTdifa , ni If/Hlinif Sft rt- 1 ' N WdlFimtll- 

I'-ij^idf tiivai i’ll Mk£ CI>T W f i r-' 3QHH. n-n-iHrik ulyim JnrftpinE d-.k'-d to 1t>.- k-JiT-tJ 

i adu |i Jkd ii ^uiid -vinaTin ill .- •l!k‘..lini . i TIil- si-flcLlkd.- Tkld l -.I n - 'ail a L-Lkih-ii 

hurt. (Khn. b frisi^ ■«. n tciiiMnrd nf iiTHEr-i idiuinid bj- Ifp.- V'J kT b iTmlrodid vkhh Iwo 

bdlktiSaaTr uU^p-a --l-ljniail -- illi Ilk n-aajT" ^'SJI-SSQ. Circled toe Uttlte diii^tw, uf HiuiTg 
hliito i r-ipt.l rh-ik i.- in n-n.l ,lir, -.-li,i- in ■ <ra.-ill are:i| -n -i. imii\ U Ihr ht-i. ■nir.p -nf III. 

kCaMdhreiitap^LhrdiiddlE LtJUjiki tidikaly innutti ihhik ai$diitot | ] T I ,'S k tbe- dnnlitni «od 

». - - i- - • i it 1 1 1 -t a I r- - 1 1 ; ; and Ilk- audlimi ime ii n iknbi aiiii=Yi:|iink; th.-ar 1 -n iln -ifiiilk- u-ihJk--: 

dnu di ilk liiiHid rjjdiT u is Hri3i ihu ilk jnckyrldud sTiw ■ucimC'mi ilk- '-IVst 
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Mh-nvn ilcm v llir-'i &Hir miinlLv'iu iiirllimi iIks vi^nu md Hinnil IL>i|ii1h "iiri 

riprJ ^olmcniiy {|iii#k ire ni»«d imtnu Fioad ir.- 4 mimiiei ■» pmi ™ Ibe itopljy ot'tie 
IV!: H-JSHIJ dm The- ivmi ltd MlwcciiriiilK -JfafciMl d> :i prodded w^tul iMmjihVv dunna l» 

! iFrlirm 



T- 1 .' i f i I'bIbI fcrkfl.+y iVI’Br ubBrnd wii ftr WdPiWJ> radf ib- villd 'bib Li h mi Ihr 
V P 4 R IffVfd ib ^Oirni' Tbbfi <4 '.I "n ■■ F ■ - ‘ -b'i r B-pJ « '■ r,L frfii cop iij iBipaB 

'A1^.;l|jM.iiiBti.'fBB4B: mw i’^ f if ii.t DlbmnuJid u.... .1:., .'v W., .itii 

Sfyt^iunt diyinediiui *| q| i.iWfc.i denrastmid Ihf Winy M PAR lenlM d>miH. n 
rnicHbum I gnu- 9 ihwvdm fron lb? •» t'lLJt L'ify WSK-NSD} wvlinic- him 

mil ]'ii MPAK I Lilted! L'-.d lu I L Llul ildueLurii: 1 : L' Inn |i.bbI lsuIi iV.b i ■.■ f' ! ! I L lvb i H |-;fc:L 

fwH bH vwk -Jib- ■■■■tl-jI piBlil* fC O'ftJ miH hi™ l»»4 <qMK' dundiv* 1L$D 

ndul Tht LjrL’Li r-~- 1 1 ■ I dnwjfiKf llHH b i^tTH oi U y wry nciry onMid? of swm 

iLVhBif. I'Jl Wilhlii a Ilium i L-H i LI II £ i» LM-fii Hr iilnf.l-, h|£ ubu Lif LvAtL-jpau: lild 
•JivlililM-l' I _j 1 1 ■ ■.■ ’ r* ! . H r I ■■ ■ d I ; hj I;, ■ LIJ I L J By l!i, u I l\ 1 i . 1 1 1 1. U y ■ ■ I : PAR ■ L. c 1 1 . in.- 

4mpoTpl ofAp imi? of II i> more fiiiJyCTBipkd md T*pidb r f h-irsinfl fttinm 

im- *mI ik-m.b| tMfW-ucn Till on f *•<!> A»uii Iw khi. lip.- nrierobura if jimp IiU; >,.ni>kd jh 
-JIIL-. jiL- u ill Hi I F 1 1 1 ■ ■ I FJJ I llul Ihc illii.-'. j!ltJ Ii.jIi i-a-.Jnliia ijiii|'j:hl -jJ nujiuL-ljiB 
pwinm “'ll 4i|B]Mrt ihf rinrVfiiriiTl ff |i:iili.-lifr alpipltimn mill hijhiT i. ..-ini. y llur 
«nvKlicfiid rarhiB 
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MikJc } A ily* sttjtr a FAR iSVdiUiM KpIKTLX i-Dtldiora Ck> I '.VSR s»l) -I ■: j jhmn# 


: 1 k- l:, 'jIJimi it i -Ii.-iii: iiEKniiinhl cldll -hi III Juh IA(M (HJ p.uh I'mrl kIiiw- III.: voli'.dl 
■Tf-fi -irlinn ^nfkrlii-jty |illi,T. tefl) ml nHipl d:i 1-15*1 |rir fij ri[|rt i 
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Itcfirrffmn 

:lrn>. - i’i-. I" L f l-'cyrjli I. Vinii-. " -r*i 3 i n* H '.lit*. illl lY-fi J Y-n pli^ ■: I nr - ct :. kTTT.'i kr 
I hr !i ■ l Kir I U'crlKr : ! >J r I clhoj ifuoj Amy haita xtJJ'o.tcujuy npina 

Wibn M.t.J V Pi (Ik J IS I tod J M Hhra.W IE Hitwkt, ndc 5 An) the ii-il [Mrtin 
DAimu US utiIIku' r.'.Li niiy-re IUIVui :/ iJu Auiuw ‘ir'.tk-iViATfjejy .Vuua 1 . mill 
I T10 ITU 

zmi . P ? . JL T. xmt D, E Fai^tk A. UfiLl CIIIL ft Ftnk \ tKmttf. V. Boa; T. I . HTKdto 
-id t ) ■Vif. MOT Aph'imti (**«l ■•Jdu Hr wmMt vHcAiIDiii SwliBil 
X*Ai™i*Hf&ii*i*-. Wl IX I J5J-17W 


llir C HKet fnl ■ " 1 1 . ■ 1 1 1 1 ■ j 1 1. -r til ■ 1 1 1 j ■ T-niillig *f III- .11 phi ir-|f A(i.U 

I li. LtiiiLT Kx CollllMrilkt t Adjpiivc Suiting 4fllM .\MtuipSML- '.CUIA: Ek'JUftt ei id 2Q06f 

■ :■ [yinl li- '■ ---I r ' njipEcrinp 1 1 . ■ . ys I lY h Y ■ I - fiiMrL.-din Wi :li. \.i:i,-nL ii 

Ini Ilk: dev-tkipdttb iiF lauM, ampwwtiw mkn dctijlied Id IdifrilvelY Midi lib: 

IfbVftiTj 1 -5 iuMM-e 'I ! Ill' is.- lj pJ I . r . v, il S Ik; iTiil w>Lil . : I i 1 1 .-Tl3 I ; 1 1 lumadji mil 

--■■■fill u-.dTiirrE; II- i.I UJ 1 1 L- ,■:■] tupuwd r.f£t.i -:iiy ucAi'HlJtb, r.'.'ilS-.'i, L.- I i|Mllll,iil',:r--'' 
P"1lKP*ip tiimfri-KH af Itv Unimr*¥.y .if MtumAniiliL l|<ij iii-.iilmi.vii rniiymik- eif 
( Ikljlh.iiii. L'pj|..TnJii Ki*il- Unhitnuj: uid iIk- i."nl'.'-watr. or I'. «!■■ linn li Mi'- iguen. CASA It 
^billed 1 1 hieiyTil ikirm -Id. :mi I": 1 1; r.i I pyKiuncnl :.'iii. e-. -ind prills; L i 1 1 r e imp : 1 1 i ; b. 
■ il kdiiu. ".'(lAA Hid ii- S. ihm.il Wtjlk.-I He#vky iIl.iI 02 ilv cli ul I ii h>--H ■ I L- llii'jUjH CASA' I 
aiijud-iiibl puiiunhip pmfir.im 

Oin-oii nibrfctfiiHtoQi ^iw H» Im Nwhiihm IM « ewrA'.-indniivni niwhuf 

du kwer ailH^lMtll! Idrflk- (i .pi dik-Lllii iiinlih-lifi: aid Ihi-j-.c I ji^ id inrl-: i:J f-iftllL 
. i r-: Inranliv-. In .dill. ■■ I hk.: I ->| I . i pn-liilv-jK ii.lv.-wl idl'lEi fr-dm mi J -y-l . I 1 1 m 
fill 2fRl^ r Mil ijIr.-iYblnil £ d. I jli.i-.:. L HjJji J : i"_i li ■•in I I ‘-.■■i • il-IE 1 i ■, n 1 j | ^lj I u I H 1 1 1 

hMYLT(TJB( ii hi|;K Lpilinl ini leniproii iv'siM-m. prbi njinc 3& imjjyb. n|- 1.1, inn apicluiv "Hirlikd 

■ii ItiiJ! l*lt; ptr niiimr. bVLral dualuvc nodi Imlm ■.■.■II ■.-. i l -J ilui Xniiili vjJlk .i'J 
impn>Lvmail m dclcrlinp. m.inn.Triru- -inS fivtyvj^lirii, kvipam-. iy t.tl- w.nj md InnUbWi 

Ijiini; C-XS.X 1.1.I1 : Il-i. lull l.-e.;, . 

I i'i . r .-| I.' r L Y JlU l."J L r _| | ■ 

ITk [tvw tty ■rflWJfdLtlk aLLdhc-f kid ly -delilied |.| t. nli_-ii.il-, . lu L'uitjJ iLiik:. III. I dlli .il 1 ill. 

Stwro. ‘■ir-iiiJH-lia. wjpji an) cdtrjln ih< m-ni inKnv wind) wi «p*. jik! llw 

:-UmLi:il l.i iijd-.b-'i L". li. III L lAedl uVcl III kid. Tk-iid-, il-LiIikIi miijII mi .cl.l il h |:il--_i -jI-i 

Ih.yil Mini dimnPMH <4T «#«»"( dm limb *ld l|nl ipiU- ihHl- dylyvliim d-d 

ii iimiip ■. i ■: ■■.- - . L-* ii ... * link i. in ik c 1 ! 1 1 Ti l-llI I . 

The lirffcfttHiilftfi of Ad WeUhtf Swvdlllukit Ub - ]Wfi Dcppler (’WSfi.-HOi rauirt 
dunnfl Ilk ewly IW 11 -; imr^iwd idetTsii .uid dshmiLW “.Aniins.ot'llici( -mmiw mud liittird' 

iKiiiniidllb aid SuIIlx 21051 . 'i'.liiii-: LYiTibJ'i iijiliiiik; liLbllinL: lb iil'i 1 L3 liiiiidlL-s 11 bj 1 Ir 
■pur.-p'. of ill H:nif ^rk-jpiAbH LLumira. lid'piw ih(K p»(w.iv<m<nly Ivwwydr. ik^Hv 
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Impact of Tornadoes 


In 2007, according to the National Weather Service, 111 
Americans died in tornadoes and thunderstorm winds, and 
this year, tornadoes have already killed 119 people. 


Year 

Tornado Fatalities 

Tornado Property 
Losses 

2006 

67 

752.3 

2005 

38 

421.8 

2004 

35 

537.1 

2003 

54 

1265.6 

2002 

55 

801.3 

2001 

40 

630.1 

2000 

41 

423.6 

1999 

94 

1989.9 

1998 

130 

1714.2 

1997 

67 

730.7 

1996 

25 

719.6 


Total: 646 

Total: 9986.2 M (USD) 


Table 1. Fatalities, injuries, and property losses. Data 
compiled by the national Weather Service (available at: 
http://www.nws.noaa.gov/om/hazstats.shtml). Property 
losses reported in millions of USD. 
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Statement of Dr. Stephen P. Leatherman 
Chair Professor and Director 
International Hurricane Research Center & 

Laboratory for Coastal Research 
Florida International University 
Miami, Florida 

Florida International University (FIU) in Miami, Florida, urges Congress to 
promptly pass legislation to reauthorize the “National Windstorm Impact Reduction 
Act of 2004. ” The Committee is commended for recognizing the need to establish a 
national windstorm impact reduction program and for holding a hearing on this na- 
tionally important topic. FIU strongly urges Congress to take prompt action so that 
reauthorization of this Act can occur during the 110th Congress before its 2008 au- 
thorization expiration. 

We are heartened, thanks to the efforts of Reps. Debbie Wasserman Schultz (FL) 
and Dennis Moore (KS) that the FY ’08 Commerce, Justice Science Appropriation 
Conference Report includes $11.3 million to implement the National Windstorm Im- 
pact Reduction Act. We are disappointed that neither the National Oceanic and At- 
mospheric Administration, the National Institute of Standards and Technology, nor 
the National Science Foundation have chosen to fund the Act as directed by the 
Commerce, Justice, Science Appropriations Subcommittee, presumably due to budg- 
et shortfalls and different priorities. FIU strongly urges the Committee to advise 
these agencies of the importance of the National Windstorm Impact Reduction Act 
and to make implementation of the 2004 law a high agency priority. Likewise, FIU 
strongly believes in the need for coordinated programs at the federal level to reduce 
the impacts of hurricanes and other windstorms. 

If a hurricane of the same category as Hurricane Andrew (which hit South Florida 
in 1992) would hit Miami directly, it would be a $100+ billion disaster, comparable 
to the physical damage New York suffered as a result of 9/11. While the size of the 
national hurricane mitigation research program that the National Science Board 
outlined is significant, it only represents one percent of the present value of the 
damage caused by Hurricane Andrew. Our research shows that funding for a strong, 
coherent and united research agenda could lead to significant loss reductions in 
structural damage as well as lives saved. 

Florida International University — Miami’s public research university — established 
in 1972, has more than 38,000 students, almost 1,100 full-time faculty and more 
than 124,000 graduates, making it the largest university in South Florida and plac- 
ing it among the Nation’s 25 largest colleges and universities. FIU offers more than 
200 baccalaureate, Master’s and doctoral degree programs in 21 colleges and 
schools. Research is emphasized as a major component of its mission. The Univer- 
sity is ranked as a Research University in the High Research Activity category of 
the Carnegie F oundation’s prestigious classification system. FIU’s College of Law re- 
ceived full accreditation in 2006, and it led all universities in the state with the 
highest pass rate of 94.4 percent on the 2007 statewide Florida Bar Examination. 
In the F all of 2009 we will be welcoming our first medical school class. 

FIU is an active member of the national Wind Hazard Reduction Coalition, but 
as Director of FIU’s International Hurricane Research Center, the state-wide center 
for hurricane research in Florida, my statement will reflect our unique university 
perspective, largely as it relates to hurricanes. Before commenting on the need to 
reauthorize the 2004 National Windstorm Impact Reduction Program, I wish to ac- 
quaint you with the work underway at the International Hurricane Research Center 
and to explain why it is in the national interest, and indeed the interest of the Fed- 
eral Government, to support the development and implementation of a rational re- 
search strategy, focusing on the reduction of future hurricane and other windstorm 
damage. 

INTERNATIONAL HURRICANE RESEARCH CENTER 

The International Hurricane Research Center (IHRC) at Florida International 
University (FIU) conducts basic and applied multi-disciplinary scientific research to 
reduce the potential for damage from hurricane impacts to the natural and built en- 
vironments in vulnerable communities throughout the United States and in other 
countries. It was established by the private sector in the aftermath of Hurricane An- 
drew. 

As Florida’s center for hurricane research, education and outreach, the IHRC of- 
fers a solid record of interdisciplinary and collaborative research, both basic and ap- 
plied, focusing on the full spectra of hurricane impacts and the methods and tech- 
niques for hurricane loss reduction. The work of the IHRC has largely involved Flor- 
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ida and the larger Caribbean and Gulf basin, where most of the North Atlantic hur- 
ricanes make landfall. 

The knowledge and findings resulting from the work of the IHRC, and the com- 
plementary education and outreach programs, benefit not only Florida and specific 
countries in the Caribbean and Latin America, but every hurricane vulnerable com- 
munity in the USA and abroad. These capabilities clearly allow the IHRC to support 
federal strategic objectives and priorities, providing increased assistance to inter- 
national partners while concentrating on the domestic front. 

In fulfillment of its mission, the IHRC has engaged in a wide-ranging research 
agenda that includes the following areas: 

• Research and development of effective and credible hurricane loss reduction 
methods and techniques for housing in Florida. This involves the testing of 
various building components and assemblies, development of improved build- 
ing design criteria, and the analysis of various architectural and structural 
elements and their role in modifying the performance of buildings under hur- 
ricane conditions. IHRC researchers have developed an innovative full-scale 
structural testing facility — the Wall of Wind — to determine inherent weak- 
nesses of structures when subjected to hurricane-force winds and rain. This 
research facility, the first-of-its-kind, will revolutionize our building construc- 
tion and retrofitting practices. (Funded by Florida Department of Community 
Affairs, Florida Division of Emergency Management, National Science Foun- 
dation, Florida Sea Grant, Renaissance Reinsurance Holdings, Ltd, and AIR 
Worldwide.) 

• Development of a public domain hurricane loss model to assess risk and esti- 
mate potential losses. This integrated catastrophe (Cat) model is particularly 
useful to insurers, re-insurers, regulators as well as the financial and housing 
industries. The model includes newly-developed knowledge databases and an 
updated wind field model. (Funded by Florida Office of Insurance Regulation.) 

• Implementation of a windstorm simulation and modeling. This project focuses 
on the use of high-resolution data acquisition with airborne LIDAR tech- 
nology and IHRC-developed algorithms, enhanced storm surge modeling, com- 
puter simulation and visualization complemented by public education and 
outreach programs. (Funded by the Federal Emergency Management Agency 
and National Oceanic and Atmospheric Administration.) 

• Assessment of beach erosion, sea level rise impacts and coastal vulnerability. 
This project uses high-resolution elevation data and modeling to assess coast- 
al vulnerability at specific locations. (Funded by National Oceanic and Atmos- 
pheric Administration and The Andrew W. Mellon Foundation.) 

• Assessment of social consequences and the human impact of hurricanes. Eval- 
uation of how various social factors such as demographics, socioeconomic stra- 
ta or education may affect perceptions and attitudes influencing critical issues 
such as hurricane evacuation and the use of mitigation measures. (Funded by 
the National Science Foundation, National Oceanic and Atmospheric Admin- 
istration, and Florida Division of Emergency Management.) 

To complement its research program, the IHRC also engages in efforts of edu- 
cation and outreach to transfer critical knowledge and findings to potential users 
and policy-makers in various fields. This includes Developing a Culture of Mitigation 
through education projects and television programs. 

WINDSTORM VS. EARTHQUAKE RESEARCH 

The National Windstorm Impact Reduction Program of 2004 is similar in many 
respects to the National Earthquake Hazards Reduction Program, which is regularly 
reauthorized by this committee and funded by Congress. However, hurricanes and 
other windstorms are the most devastating and damaging natural hazards impact- 
ing the United States and its territories in the Caribbean and Pacific basins. 

The unavoidable seasonality of hurricanes and other windstorms and the damage 
they cause underscore our vulnerability to this awesome force of nature. Hurricanes 
alone cause tens of billions of dollars in damage annually, which represent 65 per- 
cent of insured losses from natural hazards in the U.S. over the past half century. 
Inexplicably, the Federal Government has focused on earthquake research and miti- 
gation with comparable little funding for hurricanes. FIU urges Congress to recog- 
nize the significant damage caused by hurricanes and other windstorms each year 
and to similarly make research and mitigation for these natural disasters a high 
priority. 

Extreme hurricane events in recent years (i.e., Andrew, 1992; Opal, 1995; 
Floyd, 1999; Ivan, 2004; and Katrina, 2005) have, with an increasing sense 
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of urgency, reinforced the proposition that the Nation must continue to 
work on, but also move beyond weather prediction and evacuation to 
achieve significant damage reduction. Against this background, increasing pop- 
ulation and urban development in coastal areas highlight the dynamic nature of our 
vulnerability to hurricanes and the urgency of the problem. According to the 2000 
census, population has increased by 20 percent (11.7 million people) in the most vul- 
nerable states over the last ten years. This trend is predicted to continue. 

Mitigation offers the best alternative for reducing potential damages 
from hurricanes and other windstorms. Merely being prepared to respond 
to the inevitable damage that will occur from storms does nothing to re- 
duce the ultimate cost of these dangerous events. Effective mitigation to 
build a solid foundation for policy-making and construction practices can 
only be achieved through increased research, vulnerability assessments, 
education and outreach. Hurricane and other windstorm mitigation must 
continue to evolve by including not only a wide range of damage reduction 
tools such as improved building design and structural engineering meth- 
ods, new construction technologies and materials, land use strategies, and 
building codes, but also new methods of data collection, improved commu- 
nication technology, computer modeling, simulation and visualization. 

It is in the national interest, indeed the interest of the Federal Govern- 
ment, to support the development and implementation of a rational re- 
search strategy, focusing on the reduction of future hurricane and other 
windstorm damage. Building upon current programs and other initiatives with 
shared objectives, this strategy will be based on leading academic research centers 
with the single focused goal of reducing the cost of hurricane impacts to the Federal, 
State, and local governments, as well as to businesses and households. 

To contribute to the development and implementation of a strong, coherent and 
united research agenda focusing on hurricane loss reduction, the IHRC at Florida 
International University (FIU) has brought together the wealth of existing capabili- 
ties and evolving expertise of the public universities in Florida into an integrated 
multi-year, multi-disciplinary cooperative research effort — the Florida Hurricane Al- 
liance. This coordinated effort was launched in 2004 with funding from NOAA. 

RATIONALE FOR REAUTHORIZATION OF THE 2004 IMPACT REDUC- 
TION PROGRAM 

Florida International University believes that reauthorization of the National 
Windstorm Impact Reduction Program of 2004 is essential as there is an important 
need for a coordinated program to reduce the impacts of hurricanes and other wind- 
storms that account for the bulk of the economic damages from all natural hazards 
in the United States. 

Hurricanes alone have resulted in tens of billions of dollars in damages annually 
on average over the last decade, and currently there is insufficient funding to reduce 
these levels of impacts, which will likely increase. FIU is concerned that because 
no new money is authorized by this legislation, federal agencies will continue to be 
reluctant to fund hurricane and other windstorm-related research and will resist im- 
plementing this new program. 

Much of the development along the U.S. East and Gulf Coasts was constructed 
during a lull in hurricane activity. As we are now just 13 years in a 20- to 30-year 
cycle of increased Atlantic hurricane activity, FIU is concerned that funding for na- 
tional windstorm and hurricane research and mitigation will become even more in- 
sufficient at a time when the losses from hurricanes and other windstorms will be 
increasing in the future years. FIU strongly encourages the Committee to authorize 
new funding for the wind hazard program. We believe that federal investment in 
this program will pay large dividends in the near-term. For example, the cost of 
Hurricane Andrew, which hit South Florida over a decade ago, was $30 billion dol- 
lars. That figure would be approximately $80 billion in today’s dollars. Our research 
shows that funding for a strong, coherent and united research agenda focusing on 
hurricane loss reduction will lead to a significant reduction of this figure. We view 
reauthorization of this Act as a good first step, and offer our expertise and services 
to the Committee in this regard. 

FIU strongly believes that any windstorm reduction program should include ap- 
propriate attention to social science research and implementation, such as emer- 
gency preparedness and response, public and governmental adoption of mitigation 
measures, and linking disaster recovery to mitigation. Lessons learned from the 
Earthquake Hazards Reduction Program have proved the importance of research 
into socioeconomic issues as essential to a successful hazard reduction program. 

We support the Act’s provision to establish a national advisory committee and are 
anxious to participate with the other key sectors to develop a comprehensive na- 
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tional windstorm mitigation program board based on the latest research and sound 
public policy strategies. 

Finally, we believe that effective mitigation can only be achieved through in- 
creased research, vulnerability assessments, education and outreach. FIU reminds 
the committee of the unique contribution that the higher education community can 
play in helping to build a solid foundation for policy-making and for reducing poten- 
tial impacts and damages from hurricanes and other windstorms. 

While the Windstorm Impact Reduction Act was initially enacted in 2004, agencies 
did not pay attention to it. Attempts to obtain funding have worsened as time has 
passed. FIU feels that this reauthorization is of particular importance this year of 
predicted high-level hurricane activity as evidenced by four named storms so early 
in the season. The 2008 hurricane season is expected to have six to nine hurricanes, 
two of which being major hurricanes. FIU not only supports the reauthorization of 
this critical Act but urges the agencies to fund it. 
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